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Foreword
The I n t e r n a t i o n a l Crops Research I n s t i t u t e f o r the Semi-Ar id T rop ics
(ICRISAT) has a mandate to improve th ree legumes—pigeonpea, ch ickpea ,
and g roundnu t—in the sem i -a r i d t r o p i c a l regions o f A s i a , A f r i c a , and
Centra l and South America. These legumes, l i k e o t h e r s , a re a f f e c t e d by
d iseases ; and those diseases caused by s o i l - b o r n e pathogens are w ide -
spread and d e v a s t a t i n g . In order to review the present knowledge of
some of the major diseases of pigeonpea and ch ickpea , w i t h spec ia l
emphasis on disease r e s i s t a n c e , and to develop recommendations f o r r e -
search p r i o r i t i e s lead ing t o b e t t e r disease c o n t r o l , ten lead ing s c i -
e n t i s t s f rom severa l coun t r i es were i n v i t e d f o r an in -dep th d i scuss ion
w i t h ICRISAT s t a f f in e a r l y 1979.
Dr. Y .L . Nene, then P r i n c i p a l P lant Pa tho log i s t (Pulses) and now
Leader, ICRISAT Pulse Program, presented a comprehensive review of the
I n s t i t u t e ' s work on s o i l - b o r n e diseases of pigeonpea and ch ickpea.
Groundnut pathology work was not rev iewed, s ince research on groundnut
diseases at ICRISAT has been i n i t i a t e d on ly r e c e n t l y . Consul tants
presented papers based on t h e i r exper ience w i t h s o i l - b o r n e diseases
mainly of beans and peas. Presenta t ions and d iscuss ions pe r t a i ned to
top i cs such as ep idemio logy , h o s t - p a r a s i t e i n t e r a c t i o n s , l a b o r a t o r y /
glasshouse screen ing procedures, and f i e l d - s c r e e n i n g procedures.
The Group Discussion was inaugurated by Dr. L.D. Swindale ,
D i rec to r -Genera l of ICRISAT.
We are c e r t a i n t h a t these proceed ings , a long w i t h the recommenda-
t i o n s , w i l l s t i m u l a t e more research , not on ly a t ICRISAT but a l so a t
o the r i n s t i t u t i o n s .
J.S. Kanwar
Director of Research
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Review of ICRISAT Work
Review of the Work Done at ICRISAT
on Soil-borne Diseases of Pigeonpea and Chickpea
Work on the pathology of ICRISAT's two
pulse c rops , pigeonpea (Cajanus ca jan
(L . ) M i l l s p . ) and chickpea (Cicer arie-
tinum L.) was i n i t i a t e d in September
1974. Accord ing to the requirements o f
the I n s t i t u t e , a seminar on the proposed
plan of work was presented by Nene,
P r i n c i p a l P a t h o l o g i s t , in November 1974.
He s t a t e d t ha t the o b j e c t i v e of the
pathology program should be to p lay an
a p p r o p r i a t e r o l e in (1) the Crop Impro-
vement Program, by p r o v i d i n g ass i s tance
in breeding d i s e a s e - r e s i s t a n t m a t e r i a l ,
and ( 2 ) m a i n t a i n i n g the gains made in
the Crop Improvement Program. Subse-
quen t l y we planned a l l our research p r o -
j e c t s w i t h these two o b j e c t i v e s in mind.
Whi le the f i r s t o b j e c t i v e exp la i ns a l l
our work on screen ing techniques and
t h e i r a p p l i c a t i o n , the second o b j e c t i v e
e x p l a i n s our work on r e l e v a n t aspects
of b i o l ogy and epidemiology of the
pathogens concerned. The phrase " s o i l -
borne d i seases" can cover severa l d i s -
eases; we have, however, r e s t r i c t e d o u r -
se lves to the more commonly accepted
conno ta t ion o f the phrase f o r the cover -
age in t h i s rev iew.
Pigeonpea
Wilt
A very l a rge number of papers on va r i ous
aspects o f pigeonpea w i l t have appeared
in the l i t e r a t u r e s ince the disease was
f i r s t descr ibed f rom Ind ia by B u t l e r i n
1906. In 1910 he descr ibed in d e t a i l
p a t h o g e n i c i t y exper iments and a l s o des-
c r i b e d the causal fungus as a new spe-
c ies of Fusarium F. udum. A l though a t -
tempts have been made to change the name
of the fungus to F. oxysporum f . sp.udum
we agree w i t h Booth (1971) and r e t a i n
the name F. udum. I t is f a i r l y easy to
d i s t i n g u i s h F. udum f rom F. oxysporum 
on the bas is of spore morphology. An
at tempt t o i d e n t i f y w i l t - r e s i s t a n t l i n e s
was i n i t i a t e d as e a r l y as 1905 at Poona
in Ind ia ( B u t l e r 1908, 1910).
Occurrence
W i l t i s w ide l y p reva len t i n Ind ia (Bu t -
l e r 1906). I t has c o n s i s t e n t l y been r e -
por ted to be more ser ious in c e n t r a l and
nor the rn I n d i a .
The disease has a l s o been observed
in Kenya, Tanzania, and Uganda in A f r i c a ;
Tha i land and Indonesia in south eas t
A s i a ; and T r i n i d a d in the Car ibbean.
Seriousness of the d isease in these
c o u n t r i e s , however, i s d o u b t f u l .
ICRISAT surveys
There are no two op in i ons about the s e r -
iousness o f w i l t i n I n d i a . Several work-
e rs have made general s tatements on the
widespread occurrence of the d isease and
the ser ious losses t h a t i t causes. We
have n o t , however, come across any rep -
o r t o f a sys temat ic survey o f t h i s d i s -
ease. In 1975 we s t a r t e d r o v i n g surveys
i n coopera t ion w i t h a g r i c u l t u r a l u n i v e r -
s i t i e s i n d i f f e r e n t s t a t e s i n I n d i a . To
date we have surveyed f i v e s t a t e s , cover -
ing over 18 000 km. Stops were made
approx imate ly every 30 to 40 km, except
in areas t h a t do not grow pigeonpea. At
each s top the data were c o l l e c t e d us ing
a standard proforma which ensured u n i -
f o r m i t y i n data c o l l e c t i o n . The r e s u l t s
ob ta ined so f a r are summarized in Table 1.
These surveys c o n f i r m the presence
of the disease in every s t a t e surveyed
so f a r , w i t h r e l a t i v e l y more i n c e n t r a l
I n d i a . We have y e t to conduct surveys
in the th ree major n o r t h e r n s t a tes o f
I n d i a .
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Table 1. Pigeonpea wilt survey (1975-1977).
Sta te
Distance
covered
km
Loca-
t i o n s
D i s t -
r i c t s Average
% w i l t
Range in f a rmers '
f i e l d s
(%)
Andhra Pradesh 4000 102 19 5.26 0-92
Maharashtra 4000 82 19 22.61 0-93
Karnataka 2000 37 14 1.12 0-17
Tamil Nadu 2100 46 11 1.36 0-65
Madhya Pradesh 6000 136 40 5.42 0-96
Loss estimation
I t was g e n e r a l l y presumed t h a t every
w i l t e d p l a n t represents t o t a l l o s s .
Since we see (a) p a r t i a l w i l t i n g in
many p lan ts and (b) more w i l t inc idence
in f l o w e r i n g and podding s tage , we
wanted to es t ima te the y i e l d loss in
r e l a t i o n t o the stage a t which w i l t
occu rs . We now have 2-year data on loss
in y i e l d on a per p l a n t basis (Table 2 ) .
Table 2. Grain yield loss in pigeonpea (cv Sharda) as influenced by the stage at which wilt occurred.
a
Stage a t
which p lan ts
w i l t e d
Y i e l d
per
p l a n t
(g)
Actua l
loss o f
y i e l d
(g)
Loss of
y i e l d
(%)
Normal
seed
weight
(%)
Wr ink led
seed
weight.
(%)
Prepod 0.05 57.05 99.92 - -
Ear ly pod 0.71 56.39 98.80 72.80 27.20
P o d - f i l l 6.35 50.75 88.85 86.01 13.99
Pod m a t u r i t y 18.84 38.26 67.18 85.94 14.06
Preharvest 40.46 16.64 29.58 85.88 14.12
Heal thy
(check)
57.10 0.00 0.00 87.69 12.31
a
Average g r a i n y i e l d f rom a t o t a l of 40 p l a n t s in 1976 and 1977 t e s t s .
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I t is c l e a r t h a t loss was almost comp-
l e t e when w i l t occur red a t o r p r i o r t o
e a r l y pod s tage . Even when pods were
f u l l and p lan t s c lose to h a r v e s t , the
loss was around 30% in w i l t e d p l a n t s .
I t i s i n t e r e s t i n g t o note t h a t w i l t e d
p lan ts produced over 70% normal seed,
and when the w i l t was de layed , the per -
centage of normal seed produced was a l -
most equal to the percentage produced
on hea l thy p l a n t s . Only one c u l t i v a r
Sharda, was tes ted and i t is poss i b l e
t h a t o the r c u l t i v a r s might show d i f f e r -
ent loss p a t t e r n s . However, we expect
the general p a t t e r n to remain the same
i . e . , less y i e l d loss w i t h l a t e w i l t i n g .
Symptoms
When B u t l e r pub l ished h i s paper in 1906,
he descr ibed the symptoms f a i r l y accu-
r a t e l y and very l i t t l e has been added
to t h a t d e s c r i p t i o n s ince then. The
i n f e c t e d p lan t s show symptoms of gradual
c h l o r o s i s and w i l t i n g s t a r t i n g f rom 4 
to 6 weeks a f t e r p l a n t i n g . However,
more w i l t i s observed du r ing the f l o w e r -
ing and podding s tage . Black s t reaks
in the vascu la r reg ion as we l l as under
the bark are c h a r a c t e r i s t i c .
P a r t i a l w i l t i n g i n a f f e c t e d p l an t s
is not uncommon. Many such p l a n t s show
a dark pu rp le band ex tend ing from the
base to severa l f e e t above ground t o -
wards w i l t e d branches. We cou ld o f t e n
t race the band to one of the two major
l a t e r a l roo ts of such a p l a n t . I n f e c -
t i o n of the tap roo t most commonly p r o -
duced complete w i l t i n g , whereas i n f e c -
t i o n s t a r t i n g and ex tend ing from one of
the two l a t e r a l roots more o f t e n caused
p a r t i a l w i l t i n g ; however, except ions
were observed.
The d r i e d leaves on w i l t e d p l an t s
do not drop o f f f o r a long t ime .
Morphological variation in the fungus
We made hundreds of i s o l a t i o n s from
specimens c o l l e c t e d at Hyderabad and a 
l a rge number o f o the r l oca t i ons v i s i t e d
du r ing surveys . This spec ies , l i k e
most o the r Fusarium s p p . , shows a g rea t
deal o f v a r i a t i o n i n c u l t u r a l cha rac t e r s .
Based on c h a r a c t e r i s t i c s such as type of
g rowth , s p o r u l a t i o n , c o l o r , and change
in medium c o l o r , we have c l a s s i f i e d
these i n t o 12 d i s t i n c t groups (A to L ) .
We have s i ng le - spo red the 12 i s o l a t e s ,
had the i d e n t i f i c a t i o n conf i rmed by the
Commonwealth Mycologica l I n s t i t u t e , and
have preserved them on autoc laved sand.
We are of course not the f i r s t to do
t h i s k ind o f work; Bu t l e r repor ted t h i s
type of work as f a r back as 1910, and
many o the r workers have done so s ince
then ( S a r o j i n i 1951; Subramanian 1955;
Baldev and Amin 1974).
We have not ye t made any a t tempt to
a s c e r t a i n ex i s tence o f p h y s i o l o g i c races.
Baldev and Amin (1974) presented e v i d e n -
ce to suggest the ex i s tence of races.
The i r work, however, s u f f e r s from c e r -
t a i n weaknesses. For example, they do
not c l a r i f y whether the th ree c u l t i v a r s
—NP (WR)-15, T - 2 1 , and C-11 — they
used as d i f f e r e n t i a l s were homozygous
f o r res i s tance to a t l e a s t one i s o l a t e .
I t has been our exper ience t h a t unless
s e l f i n g i s reso r ted to f o r severa l gene-
r a t i o n s , the c u l t i v a r s show cons iderab le
he te rogene i t y f o r d i f f e r e n t t r a i t s ,
i n c l u d i n g d isease r e a c t i o n as a r e s u l t
o f na tu ra l c r o s s - p o l l i n a t i o n . A l s o , the
t e s t s w i t h d i f f e r e n t fungus i s o l a t e s
were c a r r i e d out on l y once. In s p i t e o f
t h i s , we admit t h a t the r e s u l t s p resen t -
ed by Baldev and Amin do p o i n t to the
p o s s i b i l i t y o f the ex i s tence o f races .
Stage of infection
At what stage are p l an t s in fec ted? As
mentioned e lsewhere, the d isease i n c i -
dence is very low in the f i r s t 2 months.
More inc idence is seen du r ing f l o w e r i n g
and podding s tages. We t h e r e f o r e c a r -
r i e d ou t a study to de tec t the fungus in
the p lan ts p r i o r to the appearance o f
w i l t symptoms. P lan ts o f the s u s c e p t i -
b le c u l t i v a r , Sharda, grown in a w i l t -
s i c k p l o t , were used f o r t h i s s tudy . In
the 1977-78 season ten p l an t s were r e -
moved 15, 30, and 45 days a f t e r sowing.
In the 1976-77 season, the fungus cou ld
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be detected from the c o l l a r reg ion down-
wards In apparen t l y hea l thy p lan t s (3 to
5 p l a n t s on ly ) c o l l e c t e d 30 days a f t e r
sowing, but not in those c o l l e c t e d 15
days a f t e r sowing. However, in the
1977-78 season, the fungus cou ld be de-
tec ted in p l a n t s 15 days a f t e r sowing.
The f i r s t w i l t e d p lan t was n o t i c e d in
the p l o t 45 days a f t e r sowing in 1976-77
and 30 days a f t e r sowing in 1977-78.
This study shows t h a t the p l an t s are
i n f e c t e d f a i r l y e a r l y in the season and
many p l a n t s apparen t l y keep on f i g h t i n g
the fungus u n t i l f l o w e r i n g / p o d d i n g .
Whi le we were a t t emp t i ng to d e t e c t
the i n f e c t i o n p r i o r to symptom appear-
ance through fungus i s o l a t i o n , we came
across a paper by M i l l e r - J o n e s et a l .
(1977) r e p o r t i n g d e t e c t i o n o f i n f e c t i o n
of Salix alba va r . cae ru lea ( C r i c k e t bat
w i l l o w ) by Erwinia s a l i e i s , be fo re symp-
tom appearance, by us ing an ins t rument
c a l l e d the Shigometer. Diseased t i ssues
were d i s t i n g u i s h e d from hea l thy by t h e i r
low res i s tance to a pulsed e l e c t r i c c u r -
r e n t . We got ICRISAT E l e c t r o n i c s Eng i -
neer ( i n s t r u m e n t a t i o n ) , Mr. S.K.V.K.
C h a r i , i n t e r e s t e d i n the pigeonpea w i l t
problem. He has developed a s i m i l a r
i ns t rumen t , us ing d i r e c t c u r r e n t , which
he t e n t a t i v e l y c a l l s a " w i l t d e t e c t o r " .
P re l im ina ry t e s t s were c a r r i e d ou t in
pots as we l l as f i e l d . P lan ts were r a i -
sed i n s i c k s o i l . E l e c t r i c a l r es i s t ance
was measured every 3 to 4 days. P lants
showing a drop of more than 0.4kΩ between
two readings u l t i m a t e l y showed w i l t .
Work is being con t inued .
Systemicity of the fungus
The main purpose of t h i s study was to
c o n f i r m the f i n d i n g s o f Mohanty (1949) ,
who repor ted t h a t the fungus was s y s t e -
mic. F ive complete ly w i l t e d p l an t s o f
t h ree c u l t i v a r s (Sharda, BDN-1, ICP-6997)
were s e l e c t e d ; samples taken f o r i s o l a -
t i o n every 15 cm from the root t i p to
the top and inc luded l e a f l e t s , p e t i o l e s ,
r a c h i s , p e d i c e l , pod h u l l s , f l o w e r s , and
seeds. The seed samples were c o l l e c t e d
a f t e r s u r f a c e - s t e r i l i z i n g the pods w i t h
0 .1% mercur ic c h l o r i d e . The samples
from i n d i v i d u a l p l an t s were p l a t e d on
mod i f i ed Czapek's-Dox agar s e l e c t i v e me-
dium (Sharma and Singh, 1973) a f t e r s u r -
face s t e r i l i z a t i o n w i t h mercur ic c h l o -
r i d e . The p l a t e s were incubated at 28°
to 30° C f o r 15 days. Fusarium udum was
i s o l a t e d from tap r o o t , l a t e r a l r o o t s ,
c o l l a r r e g i o n , main stem, branches, l e a f -
l e t s , p e t i o l e s , r a c h i s , p e d i c e l , and pod
h u l l s . However, i t cou ld not be i s o l a -
ted f rom f l o w e r s or seeds.
Fusarium udum, however, can be d e t -
ec ted as a sur face contaminant on seed.
Survival
We have f a i l e d to f i n d in the pub l i shed
l i t e r a t u r e any work done s p e c i f i c a l l y to
a s c e r t a i n how long the fungus su rv i ves
in w i l t e d p l a n t s t u b b l e . McRae and Shaw
(.1933) made the f o l l o w i n g s ta tement :
"Exposed in the open the fungus in
many of the stems and roo ts d ies
but when kept in a coo le r room in
the shade most of i t s u r v i v e s . The
source o f i n f e c t i o n then e x i s t s in
the uncut p o r t i o n s of roo ts below
the p lough ing -dep th . From such pa r t s
of roo ts in situ the fungus has been
i s o l a t e d a f t e r two years though w i t h
d i f f i c u l t y , so even here i t would
appear t h a t the fungus d ies ou t
though more s l o w l y . D i s i n f e c t e d
arhar (pigeonpea) seed sown in land
f r e e f rom a arhar c rop f o r f rom
e i g h t to twenty years g e n e r a l l y
produces a crop w i t h l i t t l e or no
w i l t , w h i l e w i t h a s h o r t e r i n t e r v a l
the crop comes up more or less se-
v e r e l y w i l t e d accord ing t o the
shor tness o f the i n t e r v a l . "
This i nd i ca tes t h a t the fungus su rv i ves
something less than 8 yea rs . Agn ihot rudu
(1954) has shown t h a t F. udum does not
c o l o n i z e p l a n t debr i s in the s o i l but can
s u r v i v e on l y in t i s s u e s a l ready invaded
as a pathogen. I t then f o l l o w s t h a t the
s t u b b l e fragments may be enab l i ng the
fungus to s u r v i v e in s o i l up to 8 yea rs .
To f i n d ou t how long F. udum su rv i ves
in pigeonpea s t u b b l e , an exper iment was
i n i t i a t e d in November 1974. Stubb le
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( roo t system w i t h about 15-cm long stem
base) of n a t u r a l l y i n f ec ted p lan ts was
o b t a i n e d , weighed and bur ied in 35-cm
diameter ear then p o t s . Two sets were
prepared; one w i t h b lack s o i l ( V e r t i s o l )
and the o the r w i t h red s o i l ( A l f i s o l )
c o l l e c t e d from the ICRISAT Center fa rm.
Some p r o p e r t i e s of these two s o i l s are
ind i ca ted in Table 3.
Some s tud ies by o the r workers need
to be mentioned in connect ion w i t h the
s u r v i v a l of F. udum. S a r o j i n i (1950)
concluded through pot s tud ies t h a t a p p l i -
c a t i o n of z inc (20 , 40 , and 80 ppm) to
s o i l in which i n f ec ted s tubb le was bur-
ied r e s u l t e d in the disappearance o f the
fungus in 5 to 6 weeks. Boron and man-
ganese were less e f f e c t i v e . Dey (1948)
Table 3. Some properties of Vertisol and Alfisol used in the pigeonpea wilt fungus survival study.
So l i pH
type (1:2)
E.C.
mmho/cm
Organic
carbon
Avai-
l a b l e
P
Mechanical a n a l y s i s
Sand S i l t Clay
(%) (%)
A l f i s o l 5.90
V e r t i s o l 7.85
0.10
0.15
0.20
0.38
2.10
1.60
59.60
38.80
7.20 33.2
20.00 41.2
S i x t y p o t s , 30 w i t h V e r t i s o l and 30
w i t h A l f i s o l , were prepared and bu r ied
in the ground so t h a t the top of each
pot was in l i n e w i t h the ground su r face .
Stubble from s i x pots (3 V e r t i s o l + 3 
A l f i s o l ) was removed a f t e r every 6 months,
weighed, then checked f o r the s u r v i v a l
of F. udum. The experiment was planned
f o r 5 yea rs . Weather data (average max-
imum and minimum temperatures and r a i n -
f a l l ) from the Meteoro log ica l S t a t i o n o f
ICRISAT were no ted . The i d e n t i t y of the
fungus was v e r i f i e d through mic roscop ic
o b s e r v a t i o n s , and p a t h o g e n i c i t y of some
r e p r e s e n t a t i v e i s o l a t e s was checked. In
a d d i t i o n , ass is tance from the Common-
wea l th Mycologica l I n s t i t u t e was sought .
The data ob ta ined a f t e r every 6-month
i n t e r v a l have been g iven in d e t a i l in
ICRISAT Pulse Pathology repo r t s of
1974-1978.
We were ab le to de tec t F. udum in
s t ubb le fragments f rom V e r t i s o l up to
2
1
/2 years and f rom A l f i s o l up to 3 yea rs .
Based on t h i s l i m i t e d s tudy , we are un-
ab le to understand how the fungus could
s u r v i v e up to 8 y e a r s , as suggested by
McRae and Shaw (1933) .
has c la imed reduc t i on i n the w i l t i n c i -
dence when sorghum was grown as an i n t e r -
c rop . Bose (1938) made a chance obser -
v a t i o n o f reduced w i l t inc idence in a 
f i e l d where tobacco was grown in the p r e -
ceding season. McRae and Shaw (1933)
through observa t ions in permanent manu-
r i a l and r o t a t i o n exper iments over seve-
ra l years repor ted t h a t (1) manuring w i t h
superphosphate (7-23 lb P 2 O 5 / a c r e ) and
w i t h c a t t l e manure increased the w i l t ,
(2) green manuring w i t h Crotalaria 
juncea (60 lb seed/acre) decreased w i l t ,
and (3) superphosphate and green manure
together increased w i l t .
Screening techniques
Since one of the major o b j e c t i v e s of our
program is to a s s i s t the breeders in
deve lop ing d i s e a s e - r e s i s t a n t v a r i e t i e s ,
we have spent a g rea t deal of our t ime
in work ing ou t e f f i c i e n t and s imple tech-
niques to screen germplasm and breeding
m a t e r i a l f o r r e s i s t a n c e t o d i f f e r e n t d i s -
eases, i n c l u d i n g pigeonpea w i l t .
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Water culture
The technique e s s e n t i a l l y cons i s t s of
t r a n s p l a n t i n g pigeonpea seed l i ngs , r a i -
sed in au toc laved sand, i n t o g lass tubes
c o n t a i n i n g aqueous suspension of F. udum 
c o n i d i a . Al though we spent about 2 years
in deve lop ing t h i s techn ique , we gave i t
up subsequent ly because of the lack of
c o r r e l a t i o n between the r e s u l t s ob ta ined
by t h i s technique and those ob ta ined by
f i e l d sc reen ing . The water c u l t u r e
technique works we l l in the case of c h i -
ckpea w i l t and t h e r e f o r e we s h a l l g ive
more d e t a i l s e lsewhere.
When we f i r s t developed t h i s t e c h -
n i que , we thought we had worked out some-
t h i n g o r i g i n a l . Subsequently we d i s c o -
vered t h a t s i m i l a r techniques had been
descr ibed by Wensley and McKeen (1962)
and Roberts and K r a f t (1971) , and we were
su rp r i sed to note tha t the idea of such
a technique had even occur red to Bu t l e r
(1910) . He used water c u l t u r e (he c a l l -
ed i t so) f o r s tudy ing the s i t e o f root
i n f e c t i o n .
Pot screening
This wel l -known t echn ique— t r a n s p l a n t -
ing seedl ings of which roo ts are i n j u r e d
and inocu la ted to autoc laved s a n d / s o i l
in pots—gave us e r r a t i c r e s u l t s . On
the o the r hand, we had good success in
p r e l i m i n a r y t e s t s w i t h the f o l l o w i n g
procedure:
1 . A l f i s o l , non-au toc laved , i s f i l -
led in la rge (35 cm) ear then
p o t s .
2. Fusarium udum is m u l t i p l i e d on
sand-pigeonpea f l o u r (9 :1) med-
ium (SPM) f o r 15 days.
3. Fungus on SPM (200 g) and au to -
c laved pigeonpea stem b i t s (200g)
are mixed w i t h the top 15 cm of
s o i l i n p o t s .
4. Suscep t i b l e c u l t i v a r ICP-6997
(approx. 50 seeds) is ra i sed in
each p o t . A l l p l an t s w i l t e d
w i t h i n 60 days a re chopped and
inco rpo ra ted in the same po t .
5. Step 3 is repeated.
6. Step 4 is repeated.
7. Step 4 is repeated once more.
A f t e r s tep 7 we get over 90% w i l t in each
po t . Cu r ren t l y we are deve lop ing 1000
such p o t s , main ly to have a screening
procedure to support f i e l d sc reen ing .
Sick plot
The idea of using a s i c k p l o t is w e l l -
known and t h i s procedure has been used
f o r a long t ime f o r screening aga ins t
severa l vascu la r w i l t s . We have develop-
ed two s i c k p l o t s in V e r t i s o l (1 .5 ha
each) and two small s i c k p l o t s in A l f i s o l
(0 .1 ha and 0.4 ha) . F igure 1 shows how
the s ickness has developed in one of the
V e r t i s o l p l o t s over three seasons. In
our exper ience , the s ickness develops
more q u i c k l y in A l f i s o l than in V e r t i s o l ;
a l s o , w i l t shows up e a r l i e r in A l f i s o l
than in V e r t i s o l . I t i s p e r t i n e n t to
po in t out here the pot s tud ies of Shukla
(1975) , which revealed tha t the w i l t i n -
c idence was h igh in sand a lone (93.75%)
and l eas t in heavy b lack s o i l (18.18%).
The disease increased w i t h the decrease
in the p r o p o r t i o n o f s o i l in a s o i l - s a n d
m i x t u r e .
The procedures we fo l l owed in deve-
l op ing w i l t - s i c k p l o t s are g iven i n
Appendix 1. At f i r s t we m u l t i p l i e d the
fungus on m a t e r i a l s o the r than pigeonpea
s t u b b l e , but l a t e r r e a l i z e d t h a t the best
way is to i nco rpora te the s tubb le from
diseased p l an t s and grow w i l t - s u s c e p t i b l e
c u l t i v a r s i n i n t e r m i t t e n t rows a l l over
the f i e l d .
The p l a n t i n g p a t t e r n we f o l l o w f o r
screening is one s u s c e p t i b l e check row
a f t e r every two t e s t rows in p l o t s t h a t
are in the process of becoming " s i c k "
and one s u s c e p t i b l e check row a f t e r
every f o u r t e s t rows in p l o t s tha t have
a l ready become " s i c k . "
Screening work to end of 1978
Screening work was i n i t i a t e d in Ind ia
from the t ime the disease was descr ibed
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in 1906. Research centers where r e s i s t -
ance work was or is being c a r r i e d out
a re : Poona ( B u t l e r 1910), Pusa (McRae
and Shaw 1933), Delhi(Deshpande et a l .
1963), Kanpur (Dey 1948), Parbhani
(Raut and Bhombe 1971), Sangareddy,
Hyderabad (Vaheeduddin 1958),Patancheru
(ICRISAT 1976 onwards) . Several c u l t i -
vars have been c la imed r e s i s t a n t . When
we tes ted many of these , we d i d not get
u n i f o r m i t y i n performance. I t i s p o s s i -
b le t h a t the seed we have in our germ-
plasm c o l l e c t i o n came from outcrossed
p lan t s and t h e r e f o r e many p lan ts show
s u s c e p t i b i l i t y . Some of the c u l t i v a r s
t h a t c o n s i s t e n t l y show low disease l eve l
are NP(WR)-15 (NP-24 x NP-51), 15 -3 -3 ,
BDN-1, and 2 0 - 1 . Another c u l t i v a r ,
NP-80, is mentioned repeated ly in the
l i t e r a t u r e s ince 1933 (McRae and Shaw
1933) as a h i g h l y r e s i s t a n t one. The
seed of NP-80 however, has not been
a v a i l a b l e to us f o r t e s t i n g .
Since i t took some t ime to develop
a good s i c k p l o t , we cou ld i n i t i a t e de-
pendable f i e l d screening o n l y in the
1976-77 season. As the f i r s t s tep we
focused our a t t e n t i o n on (1) c u l t i v a r s
a l ready c la imed r e s i s t a n t , and (2) l i n e s
i d e n t i f i e d as r e s i s t a n t to another imp-
o r t a n t d isease, s t e r i l i t y mosaic. We
have been d i s c a r d i n g the s u s c e p t i b l e
segregants and s e l f i n g i n d i v i d u a l r e s i s -
t an t p l an t s t o f i x w i l t r es i s t ance i n a 
homozygous c o n d i t i o n . We now have some
promis ing l i n e s t h a t come from both
types o f m a t e r i a l s i nd i ca ted above. Sys-
temat ic screening of germplasm has been
i n i t i a t e d , but has been g iven low p r i o -
r i t y a t t h i s t ime . Screening o f b reed-
ing popu la t ions generated by ICRISAT
breeders i s being c a r r i e d o u t . M u l t i -
l o c a t i o n t e s t i n g o f p romis ing l i n e s has
been i n i t i a t e d . Table 4 summarizes
ICRISAT's screening work.
Resistant/tolerant lines
At t h i s stage we f ee l reasonably c o n f i -
dent about the performance o f the f o l l -
owing l i n e s when grown as annua ls , w i t h
no ratoon c rop . Some of these are r e s -
i s t a n t t o s t e r i l i t y mosaic a l so (marked*) .
ICP-8859, ICP-8860, ICP-8861*
ICP-8862*, ICP-8863, ICP-8864,
ICP-8865, ICP-8867*, ICP-8868,
and ICP-8869*.
Table 4. Screening for resistance to pigeonpea
wilt at ICRISAT.
M a t e r i a l s screened in 1976-77 and
1977-78
Breeding m a t e r i a l s : 2000
Germplasm : 194
Promising l i n e s i d e n t i f i e d : 19
Under m u l t i l o c a t i o n t e s t : 12
Promising aga ins t w i l t and : 
s t e r i l i t y mosaic
10
Breeding m a t e r i a l s being sc reen- : 
ed in 1978-79
4000
I t should be po in ted o u t t h a t most
o f these are apparen t l y s t i l l segregat -
i n g , g i v i n g a very small percentage of
s u s c e p t i b l e segregants . We are c o n t i n u -
ing to s e l f s i n g l e p l a n t s and to advance
t h e i r progenies to the next season.
Most pigeonpea c u l t i v a r s have a t e n -
dency towards being p e r e n n i a l s . There-
f o r e , a f t e r the f i r s t ha rves t o f pods,
the p l a n t s produce new leaves and another
f l u s h of f l owers /pods ( ra toon c r o p ) . We
f i n d t h a t a l l the promis ing l i n e s i n d i -
cated above show h igh w i l t inc idence
even in the f i r s t ra toon and have been
ab le to de tec t the presence o f the f u n -
gus in many of these l i n e s be fo re the
f i r s t h a r v e s t . A p p a r e n t l y , the fungus i s
he ld in check by these l i n e s u n t i l the
f i r s t harves t i s ove r , a f t e r which the
fungus dominates and k i l l s the p l a n t s .
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Phytophthora Blight
Earlier work
A "stem r o t of pigeonpea" was descr ibed
f o r the f i r s t t ime from Ind ia by
Mahendra Pal e t a l . in 1970, a l though i t s
suspected occurrence was repor ted by
Wi l l i ams e t a l . (1968) . These workers
observed the disease in ser ious form in
the 1968-69 season at c e r t a i n l o c a t i o n s
in no r the rn I n d i a . The causal fungus
was i d e n t i f i e d as Phytophthora drechs-
leri Tucker va r . ca jan i P a l , Grewal and
Sarbhoy. F ive years l a t e r a "Phytoph-
thora stem b l i g h t " of pigeonpea was des-
c r i bed f rom the same areas of no r the rn
Ind ia (Wi l l i ams et a l . 1975). The spe-
c i e s was not i d e n t i f i e d a t t h a t t i m e ,
but was l a t e r descr ibed by the same g r o -
up of workers as Phytophthora c a j a n i
(Amin e t a l . 1978).
Occurrence
The disease has been repor ted from the
no r the rn Indian s t a t e s of Delh i and
U t t a r Pradesh. A s i m i l a r d isease was
observed by us at ICRISAT Center in 1976
in severe fo rm. Al though we have not
conducted ex tens ive surveys , we suspect
the disease occurs in most pigeonpea-
growing areas , p a r t i c u l a r l y d u r i n g l o n -
ger wet s p e l l s , which are common du r i ng
the f i r s t 3 months o f crop g rowth . I n -
f o rma t i on on losses caused by t h i s d i s -
ease is not a v a i l a b l e , but t he re is no
doubt t h a t the d isease has the p o t e n t i a l
to cause devas ta t ion in a s u s c e p t i b l e
c u l t i v a r . One of us (YLN) was t o l d du-
r i n g a t r i p to c e n t r a l America in Novem-
ber 1977 t ha t Phytophthora stem b l i g h t
inc idence is commonly observed in Puerto
R ico , Dominican Republ ic , and T r i n i d a d .
P. parasitica was mentioned as the spe-
c i e s a f f e c t i n g pigeonpea in Puerto R ico .
Symptoms
The symptoms can be seen on ly on above-
ground p a r t s , and the roo t system as we l l
as the p o r t i o n of the stem below the s o i l
su r face a re not a f f e c t e d . (Mahendra Pal
e t a l . 1970, Wi l l i ams e t a l . 1975).
Wi l l i ams descr ibed the symptoms t h u s :
"Symptoms inc lude r a p i d w i l t i n g o f
the p l a n t pa r t s above the invas ion
s i t e ; dess i ca t i on and upward r o l l i n g
o f l e a f l e t s , u s u a l l y w i t h o u t c h l o -
r o s i s ; w i t h e r i n g o f p e t i o l e s and
small stems; and dark-brown to black
n e c r o t i c les ions e n c i r c l i n g the stem
at the base, or up to a meter or
more above s o i l l e v e l . Lesions at
• the p lan t base o f t e n extend 15-20 cm
up the stem. Lesions on the upper
pa r t s of the p l a n t are on the main
stem, branches, o r p e t i o l e s , usua l l y
have d e f i n i t e marg ins, and i n i t i a l l y
have a p l a i n sur face which l a t e r
becomes s l i g h t l y depressed. Lesions
are o f t e n centered on a l e a f scar ,
and extend several cen t imeters in
each d i r e c t i o n from the apparent i n -
vas ion s i t e . Long i tud ina l cuts i n t o
newly formed les ions show brown- to -
b lack d i s c o l o r a t i o n o f the bark
and cambium, but not the o l d e r xylem.
La te r , the o l de r xylem t i s s u e may
become d i s c o l o r e d and the stem may
break a t the l es i on s i t e . Gross
symptoms resemble those of Fusarium
w i l t (caused by Fusarium udum But ler) ,
and i t i s poss ib le t ha t Phytophthora
stem b l i g h t has been confused w i t h
t h i s disease in the p a s t . "
In a d d i t i o n to the above symptoms,
we have observed at ICRISAT Center water-
soaked les ions on leaves , from which the
fungus can be i s o l a t e d .
Identification of species
Since we cou ld not i d e n t i f y t he species
i s o l a t e d at ICRISAT Center , we sought
he lp from the Commonwealth Mycological
I n s t i t u t e , UK, f o r exper t o p i n i o n . Dr.
D.J. Stamps i d e n t i f i e d the species as
Phytophthora vignae ( IMI -211490) . When
we at tempted to o b t a i n i n f e c t i o n of cow-
pea (11 c u l t i v a r s , var . 57,1149, 1160,
G.C.187, G.C.10-72, v a r . 2 5 / 3 / 2 , S e l . K - 1 ,
FS-68, New Era , Pale Green, and Pusa
D o f a s l i ) w i t h the fungus, we f a i l e d in
repeated t e s t s . We, t h e r e f o r e , took up
the ques t i on w i t h Dr. Stamps, who
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commented that :
"morpho log ica l f ea tu res agreed more
c l o s e l y w i t h those descr ibed f o r
P. vignae, though we have no type
c u l t u r e here f o r comparison. How-
eve r , in v iew o f the d i f f e r e n c e in
p a t h o g e n i c i t y now known, i d e n t i f i -
c a t i o n w i t h P. vignae should per -
haps be r e c o n s i d e r e d . "
A comparison of our Phytophthora 
w i t h o the r species was made by us in
1976-77 (Table 5, reproduced f rom the
1976-77 annual r e p o r t of ICRISAT).
One of us (JK) worked (15 October
to 15 December 1978) w i t h Dr. D.C.Erwin
a t the U n i v e r s i t y o f C a l i f o r n i a , R ive r -
s i d e , C a l i f o r n i a , USA, and h o p e f u l l y we
should be ab le to know soon what species
of Phytophthora is invo lved in causing
b l i g h t a t ICRISAT Center .
We must emphasize here t h a t the
symptoms we observe at ICRISAT Center
are i d e n t i c a l to those t ha t are seen in
diseased p l a n t s in Delhi and U t t a r Pra-
desh s ta tes in no r the rn I n d i a .
Survival
There is no pub l ished m a t e r i a l r e l a t e d
to t h i s t o p i c , and we have ye t to i n i t i -
a te ex tens i ve s t u d i e s . However, we wish
to record a few o b s e r v a t i o n s .
• We have seen the d isease in f i e -
lds where pigeonpea had not been
c u l t i v a t e d a t l e a s t f o r the p re -
ceding 4 years .
• In seed patho logy s t u d i e s , we
have so f a r not observed any
Phytophthora.
• A r t i f i c i a l i n o c u l a t i o n s o f sev-
e r a l p l a n t species o the r than
pigeonpea have been unsuccess fu l ,
• In genera l , more disease is seen
in pigeonpea grown in A l f i s o l
than i n V e r t i s o l .
• More d isease inc idence is obser -
ved in l o w - l y i n g patches. In
poor l y d ra ined f i e l d s , an i n c r -
ease in the d isease is seen
in successive pigeonpea c rops ,
whereas the disease may not show
a t a l l i n a s i m i l a r c ropp ing s i -
t u a t i o n i n w e l l - d r a i n e d s o i l .
• I n fec ted stem b i t s when l e f t on
the sur face o f s o i l i n pots (kept
in the open) f a i l e d to p rov ide
inoculum to i n f e c t s u s c e p t i b l e
cv HY-3C a f t e r 4 months. (Th is
was a p r e l i m i n a r y s t udy . )
• We have been ab le to de tec t oos-
pores in diseased leaves.
Screening techniques
Pot screening
We have been ab le to s tandard ize a pot
screen ing procedure. The steps f o l l owed
a r e :
1. I s o l a t e P2 of Phytophthora sp.
i s o l a t e d at ICRISAT Center is
grown on V-8 j u i c e agar (V-8
j u i c e 100 m l ; CaCO3 2g ; agar 20g;
d i s t i l l e d water 900 ml) f o r 1 
week (28 ° - 30°C).
2 . Five-mm d iscs o f the c u l t u r e are
t r a n s f e r r e d to 100 ml autoc laved
V-8 j u i c e b ro th (as above, w i t h -
ou t agar) i n 250-ml f l a s k s . I n -
cubat ion is at 28°-30°C f o r 15
days.
3. The myce l ia l mat f rom each f l a s k
is removed and washed tw ice w i t h
d i s t i l l e d water . I t i s then
macerated in 100 ml d i s t i l l e d
water in a Waring b lender f o r
2 to 3 minutes . The suspension
prepared t h i s way serves as
inoculum.
4. Five to 10-day o l d seed l ings
(25 -30 ) , r a i sed i n n o n s t e r i l i z e d
A l f i s o l (7 .5 kg /po t ) in 20-cm
p o t s , are i nocu la ted by pour ing
50 ml inoculum (s tep 3) d i l u t e d
f u r t h e r w i t h 50 ml of tap water
( i . e . , 100 ml inoculum per p o t ) .
5. Suscep t ib le checks (cv HY-3C),
both i nocu la ted and n o n - i n o c u l a -
t e d , are kept w i t h each batch o f
germplasm or breeding m a t e r i a l .
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6 . Pots a re l i b e r a l l y watered th ree
t imes a day,
7. Symptoms u s u a l l y appear in 48
hours . F ina l obse rva t i on i s
taken 10 days a f t e r i n o c u l a t i o n .
The above procedure has worked ext remely
we l l and e x c e l l e n t c o r r e l a t i o n between
pot and f i e l d screen ing has been obser -
ved.
Field screening
The steps f o l l owed a r e :
1. I s o l a t e P2 of Phytophthora sp.
is grown in V-8 j u i c e agar
f o r 1 week (28° -30°C) .
2 . Inoculum is mixed we l l w i t h
medium a f t e r adding carboran-
dum (600-mesh).
3. I n d i v i d u a l p l a n t s (1 month o l d )
are i nocu la ted a t the c o l l a r
reg ion by rubb ing .
4. The f i e l d is f l o o d - i r r i g a t e d
immediately a f te rwards and again
i f dry weather p r e v a i l s 1 week
l a t e r . Typ ica l b l i g h t symptoms
appear w i t h i n 10 days.
5 . Su rv i v i ng p lan ts are r e i n o c u l a -
ted as above.
The method has worked s a t i s f a c t o r i l y ,
but we do f i n d a small percentage of
escapes. A l s o , i t i s not the most con-
ven ien t method. We are c o n s i d e r i n g a l -
t e r n a t i v e s t h a t w i l l g i ve us a s imp le r
and more e f f i c i e n t techn ique .
Screening work
We i n i t i a t e d sys temat ic sc reen ing work
in the 1976-77 season. Table 6 summa-
r i z e s the work.
Resistant lines
As mentioned in Table 6, we have i d e n t i -
f i e d 28 l i n e s / c u l t i v a r s r e s i s t a n t t o the
b l i g h t . These a r e : ICP-28, ICP-113,
ICP-214, ICP-231, lCP-339, ICP-580,
ICP-752, ICP-913, ICP-914, ICP-934,
Table 6. Summary of the work on screening
pigeonpea for resistance to
Phytophthora blight.
Germplasm screened
Pot : 1200
F i e l d : 343
Res is tan t l i n e s i d e n t i f i e d : 28
Breeding m a t e r i a l s
Screened : 150
Being screened in : 
1978-79 season
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ICP-1088, ICP-1090, ICP-1120, ICP-1123,
ICP-1149, ICP-1150, ICP-1151, ICP-1258,
ICP-1321, ICP-1529, ICP-1535, ICP-1570,
ICP-1950, ICP-2376, ICP-3753, ICP-6974,
ICP-7065, ICP-7182.
Atylosia is a w i l d r e l a t i v e of
p igeonpea; two species A. sericea and
A. platycarpa, have been found r e s i s t a n t .
Existence of physiologic races
When we sub jec ted a l l 28 l i n e s r e s i s t a n t
to the ICRISAT i s o l a t e of Phytophthora 
to i n o c u l a t i o n s w i t h an i s o l a t e f rom
Kanpur, we found a l l of them to be sus-
c e p t i b l e . An i s o l a t e from New Delh i
caused a c e r t a i n percentage of m o r t a l i t y
in each of the 28 l i n e s . Once the iden-
t i f i c a t i o n o f the Phytophthora species
i s s e t t l e d , i t should be poss ib l e to
s t a t e whether the s u s c e p t i b i l i t y o f l i nes
r e s i s t a n t to ICRISAT i s o l a t e to Kanpur
and New Delhi i s o l a t e s is due to a d i f f -
e ren t species or due to a d i f f e r e n t race
or races of the same spec ies .
Chemical control
A newer f u n g i c i d e Ridomil [ N - ( 2 , 6-
d ime thy lpheny l ) - N - (methoxyacty l ) -
a l an i ne me thy les te r ] f rom CIBA - GEIGY,
has been found ex t reme ly e f f e c t i v e
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aga ins t severa l diseases caused by phyco-
mycetes. We have i n i t i a t e d s tud ies on
the c o n t r o l of Phytophthora through seed
dress ing in pot c u l t u r e . The r e s u l t s
are awa i ted .
Other Pathogens
Under c e r t a i n s i t u a t i o n s we do f i n d some
o the r s o i l fung i causing problems in
pigeonpea.
Sclerotium rolfsii 
Seedl ing m o r t a l i t y caused by t h i s fungus
is f a i r l y common in India and some o the r
pigeonpea-growing c o u n t r i e s . We have
observed more m o r t a l i t y when undecompo-
sed s tubb le of ce rea ls ( e . g . sorghum) is
present in the s o i l . One of the common
p r a c t i c e s a t ICRISAT ( i n s p i t e o f our
p r o t e s t ) is to chop and inco rpo ra te ce-
rea l s tubb le on ly a few days before
p l a n t i n g pigeonpea. This p r a c t i c e , we
f e e l , i s main ly respons ib le f o r more
seed l ing m o r t a l i t y caused by Sclerotium 
rolfsii.
Rhizoctonia bataticola 
Dry roo t r o t has been repor ted so f a r
on ly f rom I n d i a . I t is a minor problem
in the normal season (June-December/
March) c rop , but a major problem when an
o f f - season summer crop is a t tempted ,
e s p e c i a l l y in b lack s o i l s . One of the
ways by which pigeonpea produc t ion in
c e n t r a l / s o u t h e r n Ind ia can be increased
is to have an e x t r a crop between Novem-
ber and A p r i l . However, R. bataticola 
s e r i o u s l y h i t s t h i s crop and we need to
i d e n t i f y r e s i s t a n t genotypes i f the idea
of an e x t r a crop is to succeed.
Rhizoctonia solani 
Root r o t in seed l ings o r a e r i a l b l i g h t
by t h i s fungus has been repo r ted /obse r -
ved in I n d i a , S i e r r a Leone, P h i l i p p i n e s ,
and Malays ia . One of us (YLN) has ob-
served se r ious a e r i a l b l i g h t i n e x p e r i -
mental p l a n t i n g s in Malays ia . On the
whole, however, i t is a minor problem.
Chickpea
Wilt Complex
History
Chickpea w i l t was f i r s t mentioned by
Bu t l e r in h i s book in 1918. In 1923
McKerra l , work ing in Burma, considered
the disease to be s o i l borne. He sent to
Ind ia specimens t h a t y i e l d e d Fusarium sp.
Narasimhan in 1929 repor ted a s s o c i a t i o n
of Fusarium sp. and Rhizoctonia sp. w i t h
w i l t e d p l a n t s . L a t e r , Dastur (1935)
found Rhizoctonia bataticola producing
' ' w i l t e d ' ' p l an t s and he c a l l e d the disease
' 'Rh izocton ia w i l t ' ' . A l though he i s o l a -
ted Fusarium f rom severa l w i l t e d p l a n t s ,
he could not produce the d isease a r t i f i -
c i a l l y . Since h i s d e s c r i p t i o n o f symp-
toms (he d i d not look f o r vascu lar d i s -
c o l o r a t i o n ) and f i e l d p a t t e r n o f i n c i -
dence is almost i d e n t i c a l to those of
t y p i c a l w i l t caused by Fusarium oxys-
porum f . sp. c i c e r i , h is f a i l u r e to prove
p a t h o g e n i c i t y of the Fusarium he i s o l a -
ted is a mystery to us. He concluded
tha t the w i l t was due to " p h y s i o l o g i c a l "
reasons and c a l l e d i t " p h y s i o l o g i c a l
w i l t . " In 1939 Prasad and Padwick pub-
l i s h e d a d e t a i l e d account o f t h e i r s t u -
d ies and repor ted Fusarium sp . to be the
cause of chickpea w i l t . The fungus was
l a t e r named by Padwick (1940) as F. or-
thoceras var . ciceri. Erwin (1958) f rom
the USA repor ted F. lateritium f. ciceri 
to be the cause and quest ioned the name
F. orthoceras va r . ciceri. Fo l low ing
the c l a s s i f i c a t i o n of Snyder and Hansen
(1940) , Chattopadhyay and Sen Gupta
(1967) renamed F. orthoceras va r . ciceri 
as F. oxysporum f. sp. ciceri. This
change has been accepted by Booth (1971)•
Whi le on the one hand chickpea w i l t
was cons idered to be caused by Fusarium,
on the o t h e r , severa l workers were not
conv inced. In a d d i t i o n to o the r fung i
r epo r t ed l y found assoc ia ted w i t h w i l t ,
h igh temperatures at the t ime of sowing
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and f l o w e r i n g , d e f i c i e n t s o i l mo is tu re
and ' "bad s o i l " were cons idered to be the
causes (Bedi and Pracer 1952; Anonymous
1953). The s t a t e of Punjab in Ind ia had
a p r o j e c t on chickpea wilt f rom 1947-54
( J . S . Chohan - personal communication)
and i t was concluded t h a t s o i l and wea-
ther f a c t o r s , and not f u n g i , were the
cause. I t seems t h a t the use of the
term " w i l t complex'' began a f t e r a l l
these i n v e s t i g a t i o n s and any dead /d r ied
chickpea p l a n t was cons idered w i l t e d due
to ' ' w i l t complex.'' A r e p o r t on v i r u s -
induced w i l t s in chickpea from I ran
(Ka iser and Danesh 1971) f u r t h e r con t -
r i b u t e d to the confus ion in I n d i a . In
the l i t e r a t u r e we f i n d the term " w i l t ' '
used loose ly f o r r o o t r o t s and even
b l i g h t s . So much con fus ion has e x i s t e d
s ince then t h a t i t prompted Dr. H.K.
J a i n , now D i r e c t o r o f the Ind ian A g r i -
c u l t u r a l Research I n s t i t u t e , New D e l h i ,
to o rgan ize a symposium in 1973 on
"Problems o f w i l t and breeding f o r w i l t
r es i s tance in Bengal g ram. " Several
Ind ian p a t h o l o g i s t s and breeders p a r t i -
c i p a t e d , and a pa r t of one of the con-
c l u s i o n s reproduced below (Ja in and Bahl
1974) po in ted ou t the problem c l e a r l y :
"The p a r t i c i p a n t s concluded t h a t
cons ide rab le con fus ion e x i s t s w i t h
regard t o the causa t ion o f the w i l t
d isease of Bengal gram; most work-
ers have tended to emphasize a wide
v a r i e t y o f f a c t o r s i n c l u d i n g those
o f p h y s i o l o g i c a l , ag ronomica l , en -
v i ronmenta l and p a t h o l o g i c a l n a t u r e ,
which in one way or the o the r con-
t r i b u t e t o the development o f w i l t
symptoms."
Th is was the s t a tus of the problem when
we i n i t i a t e d our i n v e s t i g a t i o n s a t
ICRISAT. I t was c l e a r t h a t va r ious cau-
sal agents were respons ib le f o r the d r y -
ing of p l a n t s and the foremost need was
to understand the c h a r a c t e r i s t i c symp-
toms produced by each. Once the d i a g -
nos is of the cause based on host symp-
toms became p o s s i b l e , the re would be no
room f o r c o n f u s i o n .
We have gone i n t o d e t a i l main ly to
ensure a proper unders tanding of the
problem and the reason why we have
devoted cons ide rab le t ime to i n v e s t i g a t e
the s o - c a l l e d " w i l t complex . " A l though
the term " w i l t complex" has been used
main ly in I n d i a , we have noted through
the l i t e r a t u r e s i m i l a r s i t u a t i o n s in some
o the r ch ickpea-growing c o u n t r i e s , such
as Pak is tan and I r a n .
ICRISAT work
We i n i t i a t e d a p r o j e c t in 1974 to under-
stand the " w i l t complex. " A f t e r many
c r i t i c a l observa t ions o f symptoms, hund-
reds o f i s o l a t i o n s o f f ung i i n pure c u l -
t u r e s , p a t h o g e n i c i t y t e s t s , and v i s i t s
to research s t a t i o n s and fa rmers ' f i e l d s
in Ind ia and o the r ch ickpea-growing
c o u n t r i e s , we concluded t h a t what has
g e n e r a l l y been r e f e r r e d as the " w i l t
complex" is a c t u a l l y a number of d i s t i n c t
d i a g n o s i b l e d iseases. In o rder to
a s s i s t workers in i d e n t i f y i n g the main
d i so rde rs of ch ickpea, we have prepared
a b u l l e t i n w i t h co lo red p la tes (Nene
et a l . 1979), w i t h a key f o r d iagnos ing
the common, but c o n f u s i n g , d i s o r d e r s .
Key f o r the d iagnos is o f w i l t - l i k e
d i so rde rs o f ch ickpea*
CHICKPEA PLANTS SHOWING PREMATURE
WILTING/DRYING
1. W i l t i n g (droop ing o f p e t i o l e and rach is )
A. No ex te rna l roo t r o t
1. I n t e r n a l (xylem) . .
d i s c o l o r a t i o n
Fusarium
oxysporum
f . s p . c i c e r i
(WILT)
2. No i n t e r n a l d i s - . .
c o l o r a t i o n ; i r-
regu la r p a t t e r n
o f l e a f l e t sco r -
ch ing
Frost i n j u r y
( t o be con-
f i rmed t h -
rough wea-
the r data)
B. Externa l roo t r o t
( t ap roo t not b r i t t l e )
*Source: Nene et a l . 1979
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c.
1 . Ro t t i ng a t c o l l a r . . Sclerotium 
reg ion downwards; rolfsii 
small (1 mm) b r o - (COLLAR
wn, round, rape- ROT)
seed I i ke s c l e r o -
t i a along w i t h
w h i t e mycelium
v i s i b l e a t base.
2. Dark brown l e s - . . R h i z o c t o -
ion ex tend ing nia solani 
on stem above (ROOT ROT)
c o l l a r r e g i o n ;
l es i on can ex-
tend to lower
branches; no
s c l e r o t i a seen.
3. Dark brown l e s - .. Operculella 
ion a t base; padwickii 
mycelium not (FOOT ROT)
v i s i b l e ; i n t e r -
nal brown d i s -
c o l o r a t i o n r es -
t r i c t e d t o p e r i -
phery of the wood.
Externa l base/stem .. Scleroti-
l e s i o n ; wh i t e mycel - nia sale-
ium on les ions w i t h / ro t io rum
wi thou t wh i t e myce- (STEM ROT)
l i a l knots develop-
ing i n t o dark s c l e -
r o t i a .
s i s rus (MOSAIC)
m i l d m o t t l e . .
c l e a r l y seen
on broader
l e a f l e t s o f
kabu l i c u l -
t i v a r s ; no
phloem nec-
r o s i s .
b) No p r o l i f e r -
a t i o n o f b r -
anches
i ) Browning . . S a l i n i t y
o f o l d e r i n j u r y
l e a f l e t s
in desi and
ye l l ow ing
in kabu l i
c u l t i v a r s ;
younger l e a f -
l e t s remain
green; no
phloem brown-
i n g .
i i ) Young f o l i - . . I ron d e f i -
age b r i g h t c iency
y e l l o w ; (CHLOROSIS)
te rmina l bud
n e c r o s i s ; mot-
t l e a t m id -
he igh t on a 
recover ing
p l a n t
I I . Drying w i t h o u t general w i l t i n g
A. S t u n t i n g / d i s c o l o r a t i o n
1. No ex te rna l r o t t i n g of
roo ts
a) P r o l i f e r a t i o n o f
branches
i ) Browning o f . . U n i d e n t i -
leaves in f l e d v i r u s
desi and (STUNT)
y e l l o w i n g in
kabu l i c u l -
t i v a r s ; p h l -
oem necros is
in the co l -
l a r reg ion
i i ) Terminal . . A l f a l f a
bud nee r o - Mosaic Vi-
2 . Externa l r o t t i n g . . Meloidog-
of r o o t s ; g a l l s yne spp.
on roo ts q u i t e (ROOT-KNOT)
d i s t i n c t from
Rhizob ium nodules
B. No s t u n t i n g / d i s c o - .. Rhizocto-
l o r a t i o n ; on ly tops nia bata-
may show d roop ing ; ticola 
r o t t i n g of most r o o t s ; (DRY ROOT
tap roo t b r i t t l e ; ROT)
minute s c l e r o t i a and/or
sparse grey mycelium in
p i t h c a v i t y i n the
c o l l a r r e g i o n , which
can be seen w i t h a 
10X hand l ens .
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Also the s c l e r o t i a
can be seen under
the roo t ba rk ,
which peels o f f
e a s i l y .
We wish to make a spec ia l mention
of chickpea s t u n t , We f e e l t h a t t h i s
p a r t i c u l a r d isease , which i s observed a t
most places in Ind ia and a l so many o t h e r
ch ickpea-growing c o u n t r i e s , c o n t r i b u t e d
in a major way to the confus ion in d i a g -
n o s i s . Very f r e q u e n t l y , i t i s poss ib l e
to i s o l a t e Fusarium spp. from the roo t
system o f the s t u n t - a f f e c t e d p l a n t s , but
no one could produce t y p i c a l s t u n t symp-
toms w i t h any Fusarium. I t is p e r t i n e n t
to c i t e here the observa t ions made by
Prasad and Padwick (1939). They d i v i d e d
the w i l t - a f f e c t e d p l a n t s i n t o th ree
groups on the bas is of symptoms. These
were:
' '1 . Those in which the f i r s t symp-
tom was drooping of t he upper
leaves f o l l owed soon by the
lower leaves. The p l an t s w i -
thered and d ied w i t h i n about a 
week.
2. Those in which the leaves g r a -
d u a l l y turned ye l low and then
began to d rop , the remaining
leaves r a p i d l y w i t h e r i n g and
the p l a n t d y i n g .
3. Those in which the leaves be-
came red . In the l a t e r stages
these p l an t s resembled those
of group (2 ) . ' '
Whereas the symptoms of f i r s t group abo-
ve are of t y p i c a l w i l t (Fusarium oxyspo-
rum f. sp. ciceri), the symptoms in the
second group can a l so be seen in the w i l t
in c e r t a i n genotypes. The symptoms of
the t h i r d group, however, are never seen
in w i l t and we f e e l c e r t a i n t ha t those
are of s t u n t . Fur ther Prasad and Padwick
(1939) mentioned phloem browning as a 
symptom o f w i l t , but i n the r e s u l t s o f
t h e i r p a t h o g e n i c i t y t e s t s they d i d not
mention red leaves or phloem browning.
Obv ious ly , they were unable to produce
those symptoms through i n o c u l a t i o n s w i t h
Fusarium. I t seems, t h e r e f o r e , t h a t
chickpea s t u n t was not i d e n t i f i e d e a r l i e r
and was confus ing the workers .
Wilt (Fusarium oxysporum f. sp. Ciceri)
Occurrence
The disease is r e l a t i v e l y more ser ious
and has been repor ted f rom Burma, I n d i a ,
Mexico, P a k i s t a n , Peru, and the USA. From
severa l o the r c o u n t r i e s , Fusarium species
have been repor ted and we presume t h a t
the w i l t fungus is a l so present in those
c o u n t r i e s . The disease is w ide l y preva-
l e n t i n I n d i a .
Symptoms
We have g iven a d e t a i l e d d e s c r i p t i o n of
symptoms in the b u l l e t i n f o r d iagnos ing
w i l t - l i k e d i so rde rs o f ch ickpea. The
c h a r a c t e r i s t i c symptoms are (a) sudden
drooping of leaves and p e t i o l e s , (b) no
ex te rna l r o t t i n g o f r o o t s , and (c) b lack
i n t e r n a l d i s c o l o r a t i o n i n v o l v i n g xylem
and p i t h .
Early/late wilt
I n no r the rn I n d i a , w i l t i s o f t e n r e f e r r e d
t o a s " e a r l y " o r " l a t e " w i l t , depending
upon the t ime o f occur rence. Ear ly w i l t
r e f e r s t o seed l ing w i l t (October-November)
and l a t e w i l t r e f e r s t o w i l t i n g a t pos t -
f l o w e r i n g stage (February-March) . Gene-
r a l l y the w i l t inc idence i s n e g l i g i b l e i n
the i n t e r v e n i n g p e r i o d . We t h i n k i t is
p o s s i b l y due to the co ld w i n t e r in n o r t h -
ern Ind ia t h a t the w i l t inc idence i s neg-
l i g i b l e du r ing the v e g e t a t i v e s tage .
Wi th moderate w i n t e r at Hyderabad, we
have not no t i ced any c l e a r - c u t " e a r l y ' '
o r " l a t e " w i l t ; i n f a c t , w i l t occurs here
r i g h t f rom the seed l ing through the pod-
d ing s tage .
Loss estimation
As in severa l o t h e r d i seases , no p rec i se
in fo rma t i on on losses caused by t h i s d i s -
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ease is a v a i l a b l e from any coun t r y .
According to a rough e s t i m a t e , about 10%
loss in y i e l d due to w i l t was considered
to be a regu la r f e a tu re in chickpea-grow-
ing s ta tes of Ind ia (Singh and Dahiya,
1973). Accord ing to Grewal et al. (1974),
2 to 5% loss is caused every year in
I n d i a , but i t cou ld go as h igh as 60%.
In both these repo r t s the term w i l t was
used in a general sense to inc lude mor ta-
l i t y due to var ious causes, and not due
on ly to F. oxysporum f . s p . c i c e r i .
To get an idea about the loss on a 
p e r - p l a n t basis in r e l a t i o n to the stage
at which the w i l t occu rs , we conducted
an experiment in the 1977-78 season.
W i l t i n g p r i o r t o the f l o w e r i n g s t age , o f
course , r e s u l t s in t o t a l l oss . We the re -
f o re se lec ted stages a f t e r podding had
begun. Four c u l t i v a r s were inc luded in
the s tudy . These were sown on 14 October
1977 in a w i l t - s i c k p l o t and a l so in a 
n o n w i l t - s i c k p l o t . Heal thy p lan ts were
ob ta ined from the l a t t e r as most of the
p lan ts o f these c u l t i v a r s i n the w i l t -
s i c k p l o t were a f f e c t e d . T h i r t y p l a n t s
of cvs Chafa, P-436, JG-62 and 850-3/27
showing w i l t a t th ree stages ( f l o w e r i n g /
podding; f u l l podd ing; p reharves t ) were
tagged from 15 January onwards and har -
vested on 27 February 1978. L i kew ise ,
30 hea l thy p lan t s of each c u l t i v a r were
a lso harvested f o r comparing y i e l d s and
e s t i m a t i n g losses . The data on g r a i n
y i e l d loss and loss in 100-seed weight
is presented in Table 7.
These data reveal tha t (a) e a r l i e r
w i l t i n g caused more loss than l a t e w i l t -
i n g , though even the l a t t e r r e s u l t e d in
s u b s t a n t i a l l o s s , (b) the 100-seed weight
was adverse ly a f f e c t e d by w i l t , and (c)
loss in seed weight a t a l l the th ree
stages of w i l t i n g was much more in JG-62
and P-436 than in Chafa and 850-3/27.
Seeds harvested from diseased p l a n t s
o f chickpea were l i g h t e r , rough (w r i nk l ed
s u r f a c e ) , and d u l l in c o l o r as compared
to heal thy ones.
Chauhan (1960) at tempted to develop
a loss e s t i m a t i o n technique based on the
t ime and amount of w i l t i n g . There was,
however, no fo l l owup on t h a t .
Stage of infection
In 1977-78 season we conducted exper i -
ments to see at what stage p lan t s are
i n f e c t e d . Two c u l t i v a r s , one h i g h l y
s u s c e p t i b l e (JG-62) and one moderately
s u s c e p t i b l e ( 850 -3 /27 ) , were ra i sed in
h e a v i l y i nocu la ted s o i l i n p o t s . Where-
as cv JG-62 was i n f e c t e d on the f o u r t h
day a f t e r sowing, cv 850-3/27 was i n f e c -
ted on the seventh day. JG-62 showed
100% i n f e c t i o n w i t h i n 6 days, but
850-3/27 showed tha t much on ly a f t e r 20
days. Age of chickpea p lan ts at the
t ime o f i n o c u l a t i o n was found to i n f l u -
ence i n f e c t i o n . C u l t i v a r s JG-62 and
850-3/27 could not be i n f ec ted a f t e r
they reached the age of 70 and 63 days,
r e s p e c t i v e l y .
Systemicity
In repeated s tud ies we have conf i rmed
tha t the fungus is systemic and can be
i s o l a t e d from a l l pa r t s o f an i n f e c t e d
p l a n t , i nc l ud ing the seed.
Seed transmission
Our s tud ies have c o n c l u s i v e l y es tab l i shed
tha t the fungus can be i n t e r n a l l y seed-
borne and i t is located most ly as chlamy-
dospores in the h i l u m reg ion o f the seed.
C u l t i v a r s show d i f f e r e n c e s in seed t r a n s -
miss ion percentage.
We have f u r t h e r found a f u n g i c i d a l
seed t reatment to e r a d i c a t e the fungus.
Ben la te-T (30% benomyl + 30% th i ram) at
0.15% ra te e rad i ca tes the fungus comple-
t e l y .
We have adapted a seed -c lea r i ng
technique (us ing NaOH) to d i r e c t l y ob-
serve the fungus in the h i l u m region o f
seed.
It may be po in ted ou t here t h a t
Erwin and Snyder (1958) had suspected
seed t ransmiss ion o f the w i l t fungus,
but Wester lund e t a l . (1974) f a i l e d t o
o b t a i n evidence o f such t r ansm iss i on .
Westerlund e t a l . have not mentioned
the c u l t i v a r from which they ob ta ined
the seeds; nor have they made c l e a r
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Table 7. Influence of wilting at different stages on the grain yield of four chickpea cultivars.
a
C u l t i v a r Stage of Average Average Percent 100-seed Percent
p l a n t
b
number of seed loss in we igh t reduc t ion in
seeds/ w e i g h t / seed (g) 100-seed
p l a n t p l a n t
(g)
w e i g h t /
p l a n t
we i ght
Chafa S1 22 2.80 89.23 13.09 22.12
(Wi l ted ) S2 60 7.85 69.80 14.00 16.71
S3 132 19.86 23.61 15.00 10.76
(Heal thy) 158 26.00 16.81
P-436
(Wi l ted ) S1 25 2.08 91.40 9.44 35.16
S2 56 5.66 76.61 10.37 28.77
S3 121 12.16 49.75 11.17 23.28
(Heal thy) 161 24.20 14.56
JG-62
(Wi l ted) S1 15 1.44 94.26 8.44 44.51
S2 42 4.36 82.65 9.62 36.75
S3 133 14.76 41.26 12.18 19.92
(Heal thy) 166 25.13 15.21
850-3/27
(Wi l t ed ) S1 9 1.41 91.45 15.75 43.44
S2 20 5.83 64.66 20.85 25.13
S3 50 12.10 26.66 23.31 16.30
(Heal thy) 61 16.50 27.85
a
D a t a r e p r e s e n t a v e r a g e s o f 3 0 p l a n t s
b
S1 - F l o w e r i n g a n d p o d d i n g
S2 - F u l l p o d d i n g
S3 - P r e h a r v e s t
whether seeds f o r t h e i r t e s t s were ob-
ta i ned from w i l t e d p l a n t s . As po in ted
out e a r l i e r , i t i s impor tant to know the
c u l t i v a r , as there seem to be c l e a r
d i f f e r e n c e s between c u l t i v a r s in percen-
tage seed t r ansm iss ion . In our t e s t s
we found tha t the e x t e n t of seed t r a n s -
miss ion in cv Chafa was cons ide rab l y
less than in cvs JG-62 and P-436.
Survival/host range
We have not seen any pub l i shed paper on
t h i s aspec t . I t i s l o g i c a l l y presumed
t h a t the fungus su rv i ves in the dead
p l a n t deb r i s in the s o i l . There are many
quest ions on t h i s aspect t ha t need ans-
wers. As a f i r s t s tep we have i n i t i a t e d
an experiment to f i n d ou t how long the
fungus can be de tec ted in dead p l a n t
t i s s u e bu r i ed i n the s o i l . The e x p e r i -
ment is c o n t i n u i n g . The fungus cou ld be
detec ted in the bu r i ed roo ts a f t e r 6 
months. In l e a f l e t s and stem p i e c e s , i t
cou ld not be de tec ted a f t e r 2 and 4 
months, r e s p e c t i v e l y .
Since nonsuscep t ib le p l a n t spec ies
are known to be c a r r i e r s of pathogenic
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Fusar ia (Armstrong and Armstrong, 1948)
we wanted to know if such a s i t u a t i o n
e x i s t s in case o f chickpea w i l t Fusarium. 
Plant species were sown in the
chickpea w i l t - s i c k p l o t in 5-m rows (50
seeds/row) a long w i t h the s u s c e p t i b l e
chickpea cv JG-62 on 28 October 1977.
They were observed f o r w i l t symptoms up
to March 1978. I s o l a t i o n s of Fusarium 
were at tempted from f i v e p lan ts of each
crop at 30-day I n t e r v a l s dur ing the
season (Table 8 ) .
From w i l t - s i c k p l o t s , n a t u r a l l y
growing weeds were c o l l e c t e d throughout
the season and i s o l a t i o n s of Fusarium 
were at tempted on a s e l e c t i v e medium,
as shown in Table 9.
Fusarium i s o l a t e s from crop p lan ts
grown in the w i l t - s i c k p l o t as we l l as
from weeds, were m u l t i p l i e d in the l ab -
o r a t o r y on po ta to -sucrose b ro th and
tes ted f o r p a t h o g e n i c i t y us ing the water
c u l t u r e technique and the s u s c e p t i b l e
JG-62 c u l t i v a r o f ch ickpea. Al though
the r e s u l t s w i t h regard t o c e r t a i n p l a n t
species t a l l i e d w i t h those ob ta ined
through l abo ra to r y t e s t s , the Fusarium 
(Fusar ia) from f i e l d grown p l an t s proved
nonpathogenic. This is i n t r i g u i n g and
w i l l be i n v e s t i g a t e d f u r t h e r .
Screening techniques
Water culture
The water c u l t u r e technique is s i m i l a r
to the procedures descr ibed by Wensley
and McKeen (1962) and Roberts and K r a f t
(1971) . The steps a r e :
1. An i s o l a t e of Fusarium oxysporum 
f . s p . c i c e r i , most predominant
in ICRISAT f i e l d s , is used f o r
i n o c u l a t i o n s . The c u l t u r e was
o r i g i n a l l y s i ng le -spo red and i s
being ma in ta ined .
2. Inoculum is m u l t i p l i e d on PD
bro th (100 ml) in f l a s k s (250 ml)
on a shaker f o r 10 days at room
temperature (25° -30°C) .
3. The inoculum ( e n t i r e contents of
the f l a s k ) i s d i l u t e d w i t h s t e r i -
l i z e d d i s t i l l e d water to get a 
f i n a l inoculum concen t ra t i on o f
2.5% (spore concen t ra t i on 6.5 X 
10
5
) .
4. Seedl ings 14 to 18 days o l d ,
ra ised in autoc laved sand, are
t r a n s f e r r e d to g lass tubes con-
t a i n i n g 20 ml of inoculum. Seed-
l i n g s are he ld in p o s i t i o n by
co t t on p lugs . S t e r i l i z e d d i s -
t i l l e d water i s f i l l e d i n tubes
a f t e r every 48 hours to make up
the loss o f water .
5. Ten seed l ings are used f o r each
l i n e / c u l t i v a r . A s u s c e p t i b l e
check c u l t i v a r (JG-62) i s l i k e -
wise inocu la ted w i t h each batch
o f t e s t l i n e s . Also f o r each
l i n e / c u l t i v a r , a non inocu la ted
seed l ing is kept as check.
6. The s u s c e p t i b l e check usua l l y
w i l t s between 7-10 days. Data
are recorded 15 days a f t e r i no -
c u l a t i o n s . Non- inocu la ted seed-
l i n g s remain green f o r more than
3 weeks.
Pot screening
The procedure we have fo l l owed is s i m i l a r
to tha t descr ibed under pigeonpea w i l t .
The on ly d i f f e r e n c e is t h a t we use V e r t i -
sol ins tead o f A l f i s o l . A f t e r i nco r -
po ra t i on o f inoculum, s u s c e p t i b l e cv
JG-62 is grown and w i l t e d p l an t s are
incorpora ted in the s o i l o f those po ts .
Once more the same procedure is f o l l o w e d .
A f t e r two such c y c l e s , the pots are ready
f o r use in sc reen ing . Th is procedure,
l i k e the water c u l t u r e techn ique , i s
being used to supplement f i e l d screening
and in a s s i s t i n g breeders in i nhe r i t ance
s t u d i e s .
Sick plot
I n c o n t r a s t t o pigeonpea w i l t - s i c k p l o t s ,
we had an easy t ime in develop ing w i l t -
s i c k p l o t s f o r ch ickpea. In 1975-76
season, w i l t appeared in a corner of a 
2-ha b l ock . By the end of the 1976-77
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Table 8. Detection of Fusarium in the roots of different plant species grown in the wilt-sick plot (B-5).
Crop
i s o l a t i o n of Fusarium f rom 5 p l an t s
16-11-1977 16-12-1977 25-1-1978
Mungbean + + + - - + - - - -
Black gram
Pea + + - - - + + - - -
French bean
(Phaseolus vulgaris) + + + - - + + - - -
Groundnut + + - - - + - - - - + - - - -
Lucern
L e n t i l
Soybean
Cowpea + + + - - + + - - - + + - - -
Pigeonpea (ICP-6997) + + + + - + + + + + + + + + -
Pigeonpea (NP(WR)-15) + + + - - + + + - - + + + - -
Sorghum (CSH-1)
CI imbing bean
(Dol ichos lablab)
C h i l l i
Tomato
Pearl m i l l e t (NHB-3)
Pearl m i l l e t (HB-3)
+ I s o l a t e d
- Not i s o l a t e d
season, the whole plot developed i n t o an
almost un i f o rm ly s i c k p l o t . We i n c o r -
pora ted a l l the dead p l a n t s in the same
p l o t and had e x c e l l e n t screen ing in
1977-78. We made use of t h i s in fo rma-
t i o n and have developed s i c k p l o t s t o t a l -
l i n g about 4 ha by growing s u s c e p t i b l e
c u l t i v a r s and i n c o r p o r a t i n g dead p l a n t s .
One p l o t of about 1.0 ha has been
developed as a m u l t i p l e disease s i c k
p l o t . Every year we add to i t a l l dead
p l a n t s from t h i s as we l l as f rom o the r
p l o t s , regard less o f the cause o f dea th .
We have thus ob ta ined subs tan t i a l i n f e c -
t i o n not on l y from F. oxysporum f . sp.
ciceri—the most common fungus in our
f i e l d s a t ICRISAT Center—but a l so from
Sclerotium r o l f s i i , Rhizoctonia solani, 
Rhizoctonia b a t a t i c o l a , e t c .
Because we cannot exc lude the b u i l d -
up of o t h e r s o i l - b o r n e pathogens in our
w i l t - s i c k p l o t s , we expect t h a t , as t ime
passes, a l l our p l o t s w i l l become m u l t i -
p l e d isease s i c k p l o t s .
Screening work
Table 10 summarizes our work up to the
end o f 1978.
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Table 9. Detection of Fusarium in the roots of several weed species found growing naturally in the
chickpea wilt-sick plots.
Weed
I s o l a t i o n o f Fusarium
a
7-11- '77 11-11- '77 18-11- '77 28 -12 - ' 77 16-1-'78
Amaranthus v i r i d i s + - - x x
Hibiscus panduraeformis + - - x x.
Phyllanthus niruri + - - - -
P. medenaspatensis - - - x x
Corchorus olitorius - - - - -
Digera arvensis - - - - -
Launea asplenifolia - - - x x
Xanthium strumarium - - - - x
Cyanotis axillaris - - x x x
Euphorbia prostata - - - - -
E. hirta - - - - -
Indigofera sp. - - - x x
Convolvulus sp . - - - x x
Cassia sp. - - - x x
Cyperus rotundas + + - + +
Commelina bengalensis - - - x x
Paspalum distiohum - - x x x
Eragrostis sp. - - x x x
Desmodium triflorum - - - x -
Heliotropium sp . - - - x -
Tribulus terrestris + - + + x
Cardiospermum halicacabum - - + + x
Convolvulus arvensis - - + + +
Lucas aspera x x x - -
Argemone mexicana x x x - -
+ : P r e s e n t
- : A b s e n t
x : N o t a t t e m p t e d
a
F i v e p l a n t s w e r e u s e d . E v e n i f a s i n g l e p l a n t y i e l d e d Fusarium, + s i g n h a s b e e n
I n d i c a t e d .
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Table 10. Screening of chickpea for wilt/toot
rots resistance, 1976-1978.
Germplasm screened in
w i l t - s i c k p l o t : 6000
Promising aga ins t w i l t : 120
Germplasm screened in m u l t i p l e
disease nursery : 1300
Promising aga ins t w i l t /
r oo t r o t s : 80
Lines being t es ted in I n t e r -
na t i ona l Chickpea Root Rots /
W i l t Nursery (19 c o u n t r i e s /
37 l o c a t i o n s )
:
63
Breeding m a t e r i a l s
Screened : 3300
Promis ing : 175
Resistant lines
We cons ider the f o l l o w i n g l i n e s / c u l t i v a r s
to be r e s i s t a n t to Fusarium w i I t :
ICC-202, ICC-391, ICC-658, ICC-858,
ICC-1443, ICC-1450, ICC-1611, ICC-3439,
ICC-4552, NEC-790, WR-315, CPS-1, JG-74,
and BG-212.
Work on w i l t r es i s tance has been
done main ly a t Kanpur (Singh et a l .
1974)— where the r e s i s t a n t l i n e WR-315
was developed—and at Jabalpur (Sharma
and Khare, 1969). The s i c k p l o t sc reen-
ing at Gurdaspur is mainly aga ins t Oper-
c u l e l l a padwickii, the f o o t r o t organism
(Singh and Bed i , 1974). Some work has
a l so been done in Mexico (Lopez Garc ia ,
1974).
Existence of physiologic races
Chauhan (1962) seems to be the on l y
worker who made at tempts to study v a r i a -
t i o n in t h i s pathogen. He s tud ied 22
I s o l a t e s and grouped them i n t o f i v e
groups on the basis o f f i l t r a t e t o x i c i t y
and percent m o r t a l i t y in pot i n o c u l a t i o n s ,
however, he d i d not spec i f y them as races .
P re l im ina ry s tud ies have prov ided
us evidence of the ex i s tence of r a c e s .
The pot c u l t u r e procedure was f o l l o w e d
to study the p a t h o g e n i c i t y o f f i v e iso-
l a tes o f F . oxysporum f . s p . c i c e r i co l -
l e c t e d from as many l o c a t i o n s (Hyderabad,
H issa r , Jaba lpur , Kanpur, Gurdaspur) .
Ten genotypes, 4 r e s i s t a n t and 6 suscep-
t i b l e to the Hyderabad (ICRISAT) i s o l a t e ,
were used. The t e s t was conducted th ree
times and reac t i ons in most cases were
c o n s i s t e n t . Table 11 summarizes the
r e s u l t s .
A c r i t i c a l look a t the r e s u l t s in
Table 11 revea ls t h a t C-104 is r e s i s t a n t
to the Gurdaspur i s o l a t e but s u s c e p t i b l e
t o a l l o t h e r s . JG-74 i s r e s i s t a n t t o
a l l i s o l a t e s except the Kanpur one.
CPS-1 is r e s i s t a n t on l y to the ICRISAT
i s o l a t e . WR-315 i s r e s i s t a n t to a l l
i s o l a t e s except the Gurdaspur i s o l a t e .
JG-62, Chafa, and L-550 a re s u s c e p t i b l e
to a l l i s o l a t e s and moderately suscep-
t i b l e to Gurdaspur i s o l a t e . 850-3/27
is s u s c e p t i b l e to the ICRISAT i s o l a t e
and moderately s u s c e p t i b l e to a l l o t h e r s .
The Gurdaspur i s o l a t e was d i f f e r -
e n t i a t e d from o the rs through res i s t ance
of C-104 and s u s c e p t i b i l i t y of WR-315.
The Kanpur i s o l a t e was d i f f e r e n t i a t e d
through s u s c e p t i b i l i t y o f JG-74. I f the
"R" and "M" ca tego r ies are considered
as not too d i s t i n c t , the ICRISAT, H i ssa r ,
and Jabalpur i s o l a t e s cou ld be considered
i d e n t i c a l ; on the o the r hand, I f these
ca tegor ies are cons idered d i s t i n c t , then
on l y the Hissar and Jabalpur i s o l a t e s
cou ld be cons idered i d e n t i c a l and the
ICRISAT i s o l a t e a d i s t i n c t one. The data
i n d i c a t e t h a t we may have th ree or f o u r
d i s t i n c t races.
Before we draw conc lus ions on t h i s
aspec t , however, we would l i k e to v e r i f y
how ser ious these i s o l a t e s are in f i e l d
c o n d i t i o n s a t r espec t i ve l o c a t i o n s .
K r a f t and Haglund (1978) have emphasized
t h i s aspect In t h e i r paper on F. oxysporum
f . sp . pisi. 
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Table 11. Reactions of chickpea cultivars to five isolates of Fusarium oxysporum f. sp. ciceri.
a,b
I s o l a t e s from
C u l t i v a r s ICRlSAT-
Hyderabad
Hissar Jaba lpur Kanpur Gurdaspur
JG-62 S S S S M
C-104 S S S S R
BG-212 R M M S M
JG-74 R R R S
c
R
CPS-1 R M M
d
S S
WR-315 R R R R S
c
Ann iger i S S S S S
Chafa S S S S M
d
L-550 S S S S M
850-3/27 S M M M M
a
2 0 s e e d l i n g s w e r e u s e d i n e a c h t e s t a n d t e s t was c a r r i e d o u t t h r e e t i m e s .
b
R = R e s i s t a n t ( l e s s t h a n 20% w i l t )
M = M o d e r a t e l y s u s c e p t i b l e ( 2 0 - 5 0 % w i l t )
S = S u s c e p t i b l e ( m o r e t h a n 5 1 % w i l t )
c
S h o w e d ' S ' r e a c t i o n i n t w o t e s t s a n d ' M ' i n o n e .
d
S h o w e d ' M ' r e a c t i o n i n t w o t e s t s a n d ' S ' i n o n e .
Other Pathogens
Most o f the l i t e r a t u r e on o t h e r s o i l -
borne fung i deals w i t h d isease i d e n t i f i -
ca t i on and preva lence. Almost no work
has been done on the epidemiology of
these organisms in r e l a t i o n to t he d i s -
eases they cause in chickpea and on host
r e s i s t a n c e .
We have learned from surveys in
ch ickpea-growing coun t r i es t ha t Ascochyta
b l i g h t and s tun t are w ide l y p r e v a l e n t ,
but these do not f a l l w i t h i n the scope
of our present rev iew. As f a r as the
s o i l - b o r n e diseases are concerned, a f t e r
w i l t , dry r oo t r o t caused by R h i z o c t o n i a
bataticola is a r e l a t i v e l y major problem,
p a r t i c u l a r l y where daytime temperatures
r i s e to 30°C in the p o s t - f l o w e r i n g stage.
A l l o the r fung i d iscussed below are
g e n e r a l l y p resen t , but are more of l oca l
importance, the inc idence va ry ing from
f i e l d t o f i e l d .
In gene ra l , we observe more diseases
at experiment s t a t i o n s than in fa rmers '
f i e l d s . This we a t t r i b u t e to c e r t a i n
f a c t o r s in fa rmers ' f i e l d s such as r o t a -
t i o n s , mixed c ropp ing p a t t e r n , and wide
spacings because of broadcast sowings;
many of these w i l l change once h i g h -
y i e l d i n g c u i t i v a r s are a v a i l a b l e t o
fa rmers . There w i l l be more monocropping
of ch ickpea, which might mean more s o i l -
borne d i seases , unless r e s i s t a n t c u i t i -
vars are made a v a i l a b l e r i g h t f rom the
beg inn ing . Our e f f o r t s to i d e n t i f y good
l i n e s under m u l t i p l e d isease and m u l t i -
l o c a t i o n t e s t i n g s i t u a t i o n s represent a 
s tep i n t h a t d i r e c t i o n . For l o c a t i o n -
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s p e c i f i c d iseases, the germplasm c o l l e c -
t i o n of ICRISAT w i l l be made a v a i l a b l e
to concerned p a t h o l o g i s t s f o r i d e n t i f y i n g
r e s i s t a n c e .
In the f o l l o w i n g paragraphs we d i s -
cuss o t h e r s o l i - b o r n e f u n g i . Symptoms
have been mentioned e a r l i e r .
Rhizoctonia bataticola (Dry root rot)
This pathogen does cause s u b s t a n t i a l
m o r t a l i t y and loss in a crop which gets
caught in h igher ambient temperatures
(30 C and above) in the p o s t - f l o w e r i n g
s tage . I n the Ind ian s i t u a t i o n , t h i s
occurs in c e n t r a l and southern Ind ia
where we see more dry roo t r o t ; i t is i n -
s i g n i f i c a n t in no r the rn I n d i a , where
coo le r temperatures extend through March
and by the t ime temperatures r i s e , the
crop is ready f o r h a r v e s t . L i kew i se ,
in Lebanon, S y r i a , Turkey and I r a n , we
have observed on ly a low inc idence of
dry root r o t .
We are a t t emp t ing to develop a l a b -
o r a t o r y screening procedure based on
roo t l e s i o n leng th as the c r i t e r i o n f o r
comparing genotypes and hope to s tandar -
d ize a procedure in the near f u t u r e .
Dry roo t r o t in ICRISAT Center s i c k
p l o t s is common in the p o s t - f l o w e r i n g
s tage . In both chickpea and pigeonpea,
the disease is observed more in V e r t l s o l ,
and we f i n d ( i n the l abo ra to r y ) t h a t
V e r t i s o l e x t r a c t medium suppor ts more
s c l e r o t i a p roduc t ion than A l f i s o l ext ract
medium. Our screening does he lp us
i d e n t i f y h i g h l y s u s c e p t i b l e c u l t i v a r s .
Rhizoctonia solani (Root rot)
Root r o t has never been repor ted to be
ser ious f rom any ch ickpea-growing area .
Most o f the inc idence is in the seed l ing
stage when s o i l mo is tu re content is h i g h ,
p a r t i c u l a r l y i n chickpea p lan ted a f t e r
the harves t o f paddy. In i r r i g a t e d
ch ickpeas, the d isease may occur any
t ime . We have seen roo t r o t occas iona l l y
in our m u l t i p l e - d i s e a s e nursery a t
ICRISAT Center .
Sclerotium rolfsii (Collar rot)
The inc idence is r e l a t e d to h igh moisture
content and presence of undecomposed
organ ic mat ter near s o i l su r face . I t i s
a problem in the seed l i ng s tage , except
in i r r i g a t e d crops where the disease can
occur at any s tage , prov ided temperatures
are not low. Chickpea f o l l o w i n g paddy
shows more inc idence .
Our m u l t i p l e - d i s e a s e s i c k p l o t shows
some inc idence of c o l l a r r o t every year .
At Jaba lpur , where the crop in the s i c k
p l o t i s i r r i g a t e d , the c o l l a r r o t i n c i -
dence is r e l a t i v e l y h ighe r .
Sclerotinia sclerotiorum (Stem rot)
The problem is seen in no r the rn Ind ia
where cool tempera tures , r e l a t i v e l y more
r a i n in January, and heavy dew, which
are f avo rab le to the pathogen, occur .
The d isease does cause s u b s t a n t i a l damage
i f p l a n t i n g s are c lose and the crop
canopy is t h i c k . In seasons w i t h heavy
r a i n , when the v e g e t a t i v e growth o f
chickpea becomes e x c e s s i v e , t h i s disease
can become s e r i o u s .
No at tempt has been made to i d e n t i f y
res i s t ance to t h i s d isease. Besides
I n d i a , the d isease has been repor ted
from Ch i le (Muj ica 1955) and I ran
(Ka iser 1972).
Operculella padwickii (Foot rot)
Kheswalla (1941) descr ibed t h i s d isease
f i r s t f rom Punjab and Delhi in no r the rn
I n d i a . Al though the fungus has been
i s o l a t e d f rom severa l l o c a t i o n s in
c e n t r a l and no r the rn I n d i a , the disease
seems to be l o c a t i o n - s p e c i f i c ; at Gurdas-
pur in no r the rn I n d i a , i t i s the most
dominant one in the s i c k p l o t . We t h i n k
wet s o i l i s conducive to t h i s d isease.
From Gurdaspur, Singh and Bedi (1975)
repor ted t h a t G-543 is a r e s i s t a n t c u l t i -
var and F-61 is moderately r e s i s t a n t .
This fungus has been repor ted on ly
from I n d i a .
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Fusarium solani (Root rot)
K r a f t (1969) f i r s t repor ted t h a t F .
solani f . s p . phaseoli can i n f e c t c h i c k -
pea. Wester lund e t a l . (1974) repor ted
i t t o be one o f the root r o t t i n g fung i
of chickpea in C a l i f o r n i a . The same
year Grewal e t a l . (1974) repor ted i t
f rom no r the rn I n d i a . A l though the fungus
has been i s o l a t e d f rom diseased chickpea
p l a n t s from d i f f e r e n t areas o f I n d i a , i t
i s r e s t r i c t e d main ly t o no r the rn I n d i a .
The chickpea p l o t s at New Delh i u s u a l l y
show a h igher inc idence of F. s o l a n i ,
and screen ing aga ins t t h i s pathogen
should be poss ib l e t h e r e .
No s p e c i f i c r es i s t ance sources have
y e t been i d e n t i f i e d .
Ozonium texanum var. parasiticum 
(Wilt/Foot rot/Root rot?)
Mishra (1955) f i r s t repor ted t h i s patho-
gen f rom Bihar s t a t e of I n d i a . He cal led
the disease w i l t a l though the fungus
causes r o t t i n g at the base as we l l as of
r o o t s . So f a r the disease has been
repor ted f rom Bihar s t a t e and the a d j a -
cent area o f eas tern U t t a r Pradesh s t a t e .
Again there is no i n f o rma t i on on
r e s i s t a n c e to the d isease.
A sterile fungus (white seed and root rot)
Haware and Nene (1976) have repor ted a 
s t e r i l e fungus respons ib le f o r causing
seed r o t as we l l as roo t r o t . Th ick
w h i t e myce l i a l s t rands cover the seed,
a f f e c t i n g ge rm ina t i on , o r cover the
young roo ts of s e e d l i n g s . The disease
is observed on ly i f the s o i l is too wet
a f t e r sowing, which happens due to
chance r a i n s .
Since the d isease is a minor p rob-
lem we have not done any f u r t h e r work.
Meloidogyne spp. (Root-knot)
The problem has been seen mainly in i r r i -
gated ch ickpeas ; more inc idence has been
noted in no r the rn I n d i a . A good r o o t -
knot i n f e s t e d p l o t a t Ludhiana o f f e r s an
e x c e l l e n t o p p o r t u n i t y t o screen f o r
r e s i s t a n c e . A f t e r the problem was iden -
t i f i e d a t Ludhiana, there has been i n -
creased i n t e r e s t in t h i s problem amongst
the nemato log is ts in no r the rn I n d i a .
One of the species i d e n t i f i e d is
M. incognita (Ahmad Jamal 1976).
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Development of Pigeonpea Wilt-sick Plots
Vertisol sick plot A (1.5 ha)
March 1 1 , 1975 : Added 750 c u . f t . of
compost (chopped stub-
b le ) o f f i e l d - w i l t e d
pigeonpea, pod husk
and sorghum heads
a f t e r these were com-
posted toge ther f o r
1 or 2 months.
May 1st week, : Again added 750 c u . f t .
1975 of compost as d e s c r i -
bed above.
June 26, 1975 : Incorporated 1.87 q 
of sorghum g r a i n colo-
n ized by pigeonpea
Fusarium.
A p r i l 30, 1976 : Scat te red 7.50 q of
Fusarium-colonized
pigeonpea seeds.
May 5, 1976 : Chopped and inco rpo -
ra ted i n t o s o i l s t u b -
b l e o f a l l w i l t e d
p l a n t s .
J u l y 12, 1976 : Incorpora ted 11.25 q 
of Fusarium mu l t ip l ied
on A l f i s o l + p igeon-
pea f l o u r (9 :1 w/w).
A p r i l 5, 1977 : Chopped and incorpo-
ra ted i n t o s o i l s t u b -
b l e o f a l l w i l t e d
p l a n t s .
May 2, 1978 : Chopped and inco rpo -
ra ted i n t o s o i l s t u b -
b l e o f a l l w i l t e d
p l a n t s .
May 8, 1978 : Sca t te red u n i f o r m l y
about 500 c u . f t . o f
w i l t e d pigeonpea stem
b i t s .
pigeonpea stem b i t s
(both w i l t e d and h e a l -
thy p l a n t s ) .
A p r i l 30, 1976 : Sca t te red 7.50 q of
Fusarium-colonized
pigeonpea seeds.
Ju l y 12, 1976 : Incorpora ted 11.25 q 
of Fusarium m u l t i p l i e d
on A l f i s o l + p igeon-
pea f l o u r (9 :1 w/w) .
Ju ly 29, 1976 : Bur ied w i l t e d p igeon-
pea stem pieces (15
cm) in every row (one
p iece a f t e r every two
p lan t s )
February and : Sca t te red 400 c u . f t .
March 1977 w i l t e d pigeonpea stem
b i t s .
A p r i l 6&7, 1977 : chopped and incorpo-
ra ted a l l the w i I t e d
p l a n t s tubb le o f
1976-77.
May 1978 : Chopped and incorpo-
ra ted a l l the w i l t e d
p l a n t s tubb le o f
1977-78.
May 1978 : Sca t te red u n i f o r m l y
about 500 c u . f t . o f
w i l t e d pigeonpea stem
b i t s .
Vertisol sick plot B (1.5 ha)
A p r i l 19&20, 1976: Sca t te red 1,500 c u . f t .
Alfisol sick plot A (0.1 ha)
• This p l o t was used as pigeonpea
s t e r i l i t y mosaic screen ing nursery
f o r 3 years (1974-77) cont inuous ly .
During tha t pe r i od increased w i l t
inc idence was observed every year .
• In 1977-78 the p l o t was used to
screen pigeonpea f o r w i l t and
s t e r i l i t y mosaic d iseases. W i l t -
s u s c e p t i b l e check l i n e (ICP-6997)
showed 99.4% d isease .
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• A l l w i l t e d p l a n t s tubb le o f 1977-
78 was chopped and incorpora ted
i n t o s o i l ( A p r i l 24 , 1978)
Alfisol sick plot B (0.4 ha)
1977-78 : Planted pigeonpea m a t e r i -
a l s f o r s t e r i l i t y mosaic
sc reen ing .
January 1978 : W i l t inc idence was
observed in la rge patches.
A p r i l 1978 : Chopped and incorpora ted
i n t o s o i l a l l the w i l t e d
p l a n t s .
May 1978 : Scat tered about 400 c u . f t .
o f pigeonpea w i l t e d stem
b i t s .
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Pigeonpea wilt
1. Have our s tud ies on the s u r v i v a l
of Fusarium udum in pigeonpea
s tubb le been c a r r i e d ou t ade-
qua te ly?
2. What cou ld be the reasons f o r
the f a i l u r e o f water c u l t u r e
screen ing technique in the case
of pigeonpea but not chickpea?
3. The technique of t r a n s p l a n t i n g
s e e d l i n g s , roo ts o f which a re
i n j u r e d and i n o c u l a t e d , to a u t o -
c laved s a n d / s o i l in pots gave
us e r r a t i c r e s u l t s . What cou ld
be the reasons?
4. We would app rec ia te comments/
c r i t i c i s m on the pot screening
procedure we have developed.
5. We have developed two w i l t - s i c k
p l o t s i n V e r t i s o l f o r res is tance
screen ing.
(a) Is i t p o s s i b l e t ha t the plots
may con ta in " t o o much" i n o -
culum as the years pass?
(b) Are we l i k e l y to face o the r
problems?
(c) We are us ing main ly one sus-
c e p t i b l e check (ICP-6997) to
mon i to r w i l t s i ckness . I s
tha t adequate?
(d) The s u s c e p t i b l e check rows
are p lan ted a f t e r every 2 to
4 t e s t rows a l s o to ensure
t h a t inoculum m u l t i p l i e s
every year . Is t h i s adequate
or should we f o l l o w the p r o -
cedure of growing on l y a 
suscep t i b l e c u l t i v a r one
year and t e s t ma te r i a l in
the nex t year ( w i t h a few
check l i n e s ) ? The two s i c k
p l o t s t ha t we have developed
can be used in such a way
t h a t when one has o n l y the
s u s c e p t i b l e c u l t i v a r , the
o the r would have the breed-
ing m a t e r i a l .
(e) There are i n d i c a t i o n s t h a t
cont inuous p l a n t i n g o f p igeon-
pea is r e s u l t i n g in poorer
growth in every succeeding
season. This i s l i k e l y to
r e s u l t i n r e j e c t i o n o f breed-
ing ma te r i a l t ha t may be
r e s i s t a n t but shows poor
growth in s i c k p l o t . What
cou ld be done to avo id such
a s i t u a t i o n ?
6. Our exper ience t e l l s us t h a t w i l t
s ickness can be developed more
q u i c k l y and un i f o rm ly i n A l f i s o l
than in V e r t i s o l . We have deve-
loped two la rge s i c k p l o t s in
V e r t i s o l because farmers p r e f e r
t h i s type o f s o i l ( i . e . , deep
s o i l s ) f o r c u l t i v a t i n g pigeonpea.
We f i n d tha t some genotypes t h a t
show " r e s i s t a n c e " in V e r t i s o l
get a f f e c t e d by w i l t i n A i f i s o l ,
but t he reverse has never hap-
pened. Should we t h e r e f o r e deve-
lop s i c k p l o t s in A i f i s o l and
g ive up the e x i s t i n g s i c k p l o t s
in V e r t i s o l ? Or should we have
la rge s i c k p l o t s in both types
of s o i l ? We must mention here
t h a t to grow pigeonpea, i r r i g a -
t i o n i s requ i red i n A i f i s o l but
not i n V e r t i s o l .
7. We cons ider m u l t i l o c a t i o n t e s t -
ing o f promis ing l i n e s d e s i r a b l e
before us ing them in c rosses .
Is our t h i n k i n g co r rec t?
8. Since the w i l t inc idence increases
cons ide rab ly a f t e r r a t o o n i n g , i s
i t d e s i r a b l e to go by the pos t -
ratoon r e a c t i o n o f l i nes?
9. What are the p o s s i b i l i t i e s o f
develop ing a s e l e c t i v e medium
f o r Fusarium udum?
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Suggested Points for Discussion
Pigeonpea Phytophthora blight
1. Our observa t ions concerning the
s u r v i v a l of the fungus have been
descr ibed on page 13. We need
suggest ions to p lan research on
t h i s aspect .
2. We would app rec ia te comments/
c r i t i c i s m on the pot screening
procedure we have developed.
3. We need suggest ions to improve
upon our f i e l d screening p r o -
cedure.
Chickpea wilt/root rots
1. Many p l a n t species grown in the
w i l t - s i c k p l o t y i e l d e d Fusarium, 
which morpho log i ca l l y looked
s i m i l a r to the i s o l a t e of F. oxy-
sporum f . sp. c i c e r i . However,
Fusarium i s o l a t e s from a l l these
p lan t species were nonpathogenic
to ch ickpea. We would appreciate
d iscuss ion on t h i s p o i n t .
2. We would app rec ia te comments/
c r i t i c i s m on water c u l t u r e and
pot c u l t u r e screening techniques
f o r w i l t r e s i s t a n c e .
3. Several s o i l - b o r n e pathogens that
can a t t a c k chickpea are present
in most s o i l s , even though one
or two pathogens may dominate.
In s i c k p l o t s at ICRISAT Fusarium 
oxysporum f . sp. c icer i dominates,
but o the r pathogens such as Rhi-
zoctonia bataticola a l so k i l l
many l i n e s . Should we t h e r e f o r e
encourage " m u l t i p l e - d i s e a s e s i c k
p l o t s " and i d e n t i f y l i n e s which
show leas t m o r t a l i t y f o r use in
the breeding program? Or should
we concent ra te on work ing ou t
procedures f o r i d e n t i f y i n g res i s -
tances t o d i f f e r e n t s o i l - b o r n e
pathogens i n d i v i d u a l l y ?
4. Pathogens o the r than Fusarium 
oxysporum f. sp . oioeri a re
important a t o t h e r l o c a t i o n s .
For example Operoulella padwickii 
is the dominant fungus at Gurdas-
pu r . How should we conduct work
to meet such s i t u a t i o n s ?
5. Evidence i nd i ca tes t h a t phys i o -
l o g i c races of Fusarium oxysporum
f . sp. c i c e r i e x i s t . I s m u l t i -
l o c a t i o n t e s t i n g o f our p rom i -
s ing l i n e s the on ly answer to
meet t h i s s i t u a t i o n ?
6. Dry roo t ro t caused by Rhizoctonia
bataticola is another w ide l y
p reva len t d isease . We are making
at tempts to develop a l abo ra to r y
screening procedure based on
roo t l e s i o n l e n g t h . We i n v i t e
your comments /c r i t i c ism/sugges-
t i o n s .
7. We may have to work out techniques
to screen f o r res i s tance t o roo t
ro t s caused by Fusarium solani 
and Rhizoctonia solani. We
would app rec ia te suggest ions .
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Discussion — Session 1 
Chairman : R.K.S.Wood
Rapporteur : M. V. Reddy
A f t e r Dr. Nene reviewed the work done at
ICRISAT on the s o i l - b o r n e diseases of
pigeonpea and ch ickpea, he ra ised some
po in ts f o r d i s cuss i on .
Nene : Have our s tud ies on the su r -
v i v a l of Fusarium udum In
pigeonpea s tubb le been car -
r i e d out adequately?
Chohan : In Punjab we have seen F.
udum in groundnut f i e l d s o i l
where pigeonpea was never
grown. That means Fusarium 
udum can su rv i ve in any
f i e l d f o r many yea rs .
Wood : What species was it and who
i d e n t i f i e d i t ?
Chohan : Fusarium udum, and it was
i d e n t i f i e d by the Common-
wea l th Mycologica l I n s t i t u t e
(CMI). However, pa thogen i -
c i t y was not t e s t e d .
Wood : It cou ld be sap rophy t i c !
K ra f t : Pea w i l t fungus can su r i ve
in the rh izosphere in the
form of chlamydospores f o r
long per iods and can su rv i ve
on weed hosts w i t hou t ac tua l -
ly pene t ra t i ng them. Dr.
Nene, what method d id you
f o l l o w f o r the de tec t i on o f
the fungus?
Nene : Root s tubb le a f t e r weighing
was bu r ied in b ig pots and
i s o l a t i o n s were made from
root t i s s u e a f t e r every 6 
months. A f t e r 2
1
/2 years no
root t i s s u e cou ld be detected
in b lack and red s o i l s . How-
eve r , the s o i l around the
bu r i ed s tubb le was s ieved
f o r any decomposed roo t b i t s
and i s o l a t i o n s were t r i e d
f rom these. A f t e r 3 years
no Fusarium udum cou ld be
i s o l a t e d from red s o i l .
Kannaiyan : S o i l around the bu r ied roo ts
was p l a ted but F, udum was
not I s o l a t e d on s e l e c t i v e
medium; r a t h e r , F. solani 
was i s o l a t e d .
Singh : The crop sequence can a f f e c t
the s u r v i v a l o f the chlamy-
dospores. Fa l low ing w i l l
r e s u l t in the decrease o f
chlamydospores. In some
pa r t s of U t t a r Pradesh a 3-
to 4-year r o t a t i o n was found
to c o n t r o l F. udum; but in
some o t h e r areas even a 7~
to 8-year r o t a t i o n d i d not
he lp . This cou ld be due to
the sequence o f d i f f e r e n t
crops in the r o t a t i o n . Some
crops may he lp in fo rmat ion
of repeat chlamydospores
w i t h o u t being hosts o f the
pathogen.
Wood : Surv i va l s tud ies can be
ra the r academic. Are present
techniques adequate to s tudy
s u r v i v a l ? Use of b i o l o g i c a l
me thods—e.g . , growing o f
s u s c e p t i b l e v a r i e t i e s t o
de tec t popu la t i on l e v e l s -
should be exp lo red .
Abawi : Disease inc idence does not
always g ive a rea l es t imate
o f the s o i l popu la t i on leve l
of the pathogen, as many
o the r f a c t o r s besides i no -
culum dens i t y a f f e c t disease
inc idence and s e v e r i t y . Also,
s u r v i v a l of a pathogen in
s o i l main ta ined f a l l o w o r
under d i f f e r e n t c ropp ing
systems can be q u i t e d i f f e r e n t
and thus wor th i n v e s t i g a t i n g .
Singh : I f o t h e r leguminous crops
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f o l l o w pigeonpea, i t can
r e s u l t i n the fo rmat ion o f
more chlamydospores. Grami-
naceous crops can reduce
chlamydospore f o r m a t i o n .
Purss : Dr. Nene, what was the rea-
son f o r the s u r v i v a l study?
Nene : E a r l i e r repo r t s on s u r v i v a l
were vague, and workers in
the Botany l abo ra to ry o f
Madras ( I n d i a ) f e l t t ha t
on l y fungus s u r v i v i n g in the
host t i s s u e i s impor tan t .
We f e l t t h a t the re is no
p o i n t in s tudy ing t h i s aspect
f u r t h e r i f the fungus su r -
v i ves f o r more than 5 yea rs .
Po in ts made by Drs. Singh
and Abawi need to be taken
i n t o c o n s i d e r a t i o n .
Hubbeling : The pea w i l t fungus surv ives
in s o i l f o r at l eas t 10 years.
In case of tomato w i l t the
fungus su rv i ves in the r e -
mainders o f roo ts a t depths
of 90 cm and below where
even steam cannot p e n e t r a t e .
Wood : What is the u l t i m a t e use of
s tud ies a long these l i nes?
Nene : To recommend r o t a t i o n s , if
p o s s i b l e .
K ra f t : Are there a v a i l a b l e t ech -
niques f o r assessing the
inoculum th resho ld f o r eco-
nomic c u l t i v a t i o n o f the
crop?
Nene : The technique of t r a n s p l a n t -
ing s e e d l i n g s , roo ts of which
are i n j u r e d and i n o c u l a t e d ,
to au toc laved sand /so i l i n
pots gave us e r r a t i c resu l t s .
What cou ld be the reasons?
Kra f t : Inoculum dens i t y and env i ron -
mental c o n d i t i o n s are very
impor tan t .
Hubbeling : So i l pH cou ld a l so be an
important f a c t o r .
Hagedorn : In the case of pea w i l t ,
where seedl ings were t r a n s -
p lan ted in sand, mo is tu re
and temperature p layed an
important r o l e . Temperature
i s p a r t i c u l a r l y impor tan t .
Hubbel ing : Autoclaved s o i l I f used
d i r e c t l y is t o x i c and damag-
ing to the r o o t s . I t s use
i s not a d v i s a b l e , i n p a r t i -
cu la r i f the s o i l conta ins
o rgan ic substances.
Nene : Would Dr. Kannaiyan comment
on any t o x i c i t y problem?
Kannaiyan : No such problem was encoun-
t e r e d .
K r a f t : What type of e r r a t i c r e s u l t s
were obtained?
Kannaiyan : Results were not repeatab le .
K r a f t : I t cou ld be due to lack of
homozygosity in the seed.
Nene : Such r e s u l t s were ob ta ined
w i t h the same seed l o t s .
Wood : Was autoc laved or non-auto-
c laved s o i l used?
Kannaiyan : Autoclaved s o i l .
Singh : E r r a t i c r e s u l t s cou ld be due
t o contaminat ion o f s o i l .
Nene : How would you avo id contami-
nat ion?
Wood : Why use autoc laved s o i l ?
Singh : Using non-autoc laved s o i l
i s b e t t e r .
Nene : Since using autoc laved s o i l
is a w e l l - e s t a b l i s h e d p r o -
cedure, i t was used. Then
we used non-autoc laved s o i l ;
by adding inoculum and
repeated ly growing a suscep-
t i b l e genotype, the pot
screening technique is being
s tandard i zed .
K r a f t : The e r r a t i c r e s u l t s cou ld be
due to low inoculum d e n s i t y .
Abawi : V a r i a b i l i t y in s o i l mo is ture
and e s p e c i a l l y du r ing the
e a r l y pa r t o f the t e s t may
g r e a t l y i n f l uence disease
inc idence and s e v e r i t y . Thus,
you might want to cons ider
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using p l a s t i c pots ins tead
o f c lay p o t s . P l a s t i c pots
tend to ma in ta in more u n i -
form mois ture and a l so dry
up s lower . A l s o , as Dr.
K ra f t suggested, inoculum
dens i t y p lays a major r o l e ,
and the i n i t i a l inoculum
dens i t y used in the procedure
should be s tanda rd i zed , i f
p o s s i b l e .
Nene : We would app rec ia te comments/
c r i t i c i s m on the pot sc reen-
ing procedure we have deve-
loped.
Wood : Can a s i c k s o i l technique be
developed?
Nene : Yes. What are the chances
o f ove r load ing w i t h inoculum?
Kannaiyan : Over loading is not l i k e l y .
Growing of two successive
suscep t i b l e l i n e s gave on l y
90% w i l t inc idence.
Singh : Use of h e a v i l y contaminated
s o i l may e l i m i n a t e moder-
a t e l y r e s i s t a n t l i n e s .
Kannaiyan : Pot t e s t s supplement f i e l d
sc reen ing . We are not ignor-
ing the in te rmed ia te types .
Singh : Pot t e s t s need d i f f e r e n t
l e v e l s o f inoculum.
Nene : We ob ta ined 90% inc idence of
disease in h i g h l y suscept ib le
check, and not in a l l geno-
t ypes . C u l t i v a r 1258 from
B iha r , r e s i s t a n t t o s t e r i l i t y
mosaic, is h i g h l y suscept ib le
to w i l t and i s used f o r t h i s
purpose.
Wood : The importance of inoculum
leve l in r e l a t i o n to disease
must be emphasized.
Purss : What is the need f o r the pot
technique?
Nene : The pot technique supplements
f i e l d sc reen ing . This crop
i s o f long d u ra t i o n and w i l t
development a l so takes a long
t ime. In pots the reac t i on
can be ob ta ined w i t h i n 2 
months.
Hubbel ing : One would get qu i cke r resu l ts
I f the Inoculum is mixed in
the e n t i r e pot and not on l y
in the top l a y e r s .
Kannaiyan : The inoculum is f i r s t mixed
in the top l aye r but t h i s
should not prevent any down-
ward movement of the inoculum.
Hagedorn : Why not mix the e n t i r e s o i l
w i t h inoculum and then f i l l
the pots?
A l l e n : Most impor tant is the c o r r e -
l a t i o n between the laboratory
and f i e l d screening techniques
and s t a b i l i t y o f r e s i s t a n c e .
In te rmed ia te r e s i s t a n t l i n e s
may represent h o r i z o n t a l
r e s i s t a n c e .
Nene : What is an in te rmed ia te type?
I would l i k e to have c l a r i -
f i c a t i o n s from A l l e n and
Singh.
A l l e n : M u l t i l o c a t i o n a l t e s t i n g can
g ive i n f o rma t i on on the s t a b i l -
i t y o f r e s i s t a n c e .
Nene : This is a l ready in progress
and d i f f e r e n t i a l reac t i ons
are observed.
Purss : The r o l e of d i f f e r e n t env i ron-
mental cond i t i ons needs to
be s t u d i e d .
Nene : We have developed two w i l t -
s i c k p l o t s i n V e r t i s o l f o r
res i s tance sc reen ing :
(a) I s i t poss ib l e t ha t the
p l o t s may con ta in too
much inoculum as the
years pass?
(b) Are we l i k e l y to face
o the r problems?
(c) We are us ing one suscep-
t i b l e check (ICP-6997)
t o moni tor w i l t s i ckness .
Is t h a t adequate?
(d) The s u s c e p t i b l e check
rows are p lan ted a f t e r
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every two to f o u r t e s t
rows a l so to ensure t ha t
inoculum m u l t i p l i e s every
year . Is t h i s adequate
or should we f o l l o w the
procedure of growing only
a suscep t i b l e c u l t i v a r
one year and t e s t m a t e r i -
a l in the next year (with
a few check l i n e s ) ? The
two s i c k p l o t s t h a t we
have developed can be
used in such a way t ha t
when one has on l y the
s u s c e p t i b l e c u l t i v a r ,
the o the r would have the
breeding m a t e r i a l .
Hubbel ing : There is always a m i c r o b i a l
balance under f i e l d c o n d i -
t i o n s . This means there are
always an tagon is ts o f d i f f e r -
ent o r i g i n which keep s o i l
pathogens in a " n a t u r a l "
ba lance.
Hagedorn : W i l t s ickness can be moni-
to red by some adequate con-
t r o l s .
Wood : Is t he re any mon i to r ing from
the beginning?
Nene : A f t e r every two t e s t rows
one suscep t i b l e check is
grown. The same genotype
is used every yea r .
Wood : Some i n d i c a t o r s may be i n -
s e n s i t i v e .
Purss : Why not use a r e s i s t a n t l i n e
as a check?
Saksena : T h e o r e t i c a l l y , as inoculum
dens i t y inc reases , d isease
s e v e r i t y should a l so increase.
In some instances as w i t h
Rhizoctonia, i nc reas ing the
inoculum above a c e r t a i n
p o i n t r e s u l t s in decreased
disease s e v e r i t y .
Abawi : Monoculture has been shown
to r e s u l t in d e c l i n e in
disease inc idence and sever-
i t y on o the r crops such as
wheat. D e t e r i o r a t i n g s o i l
c o n d i t i o n s (such as s o i l
s t r u c t u r e , compact ion, e t c . )
may p lay a s i g n i f i c a n t r o l e
on p l a n t v i g o r and produc-
t i v i t y in succeeding seasons.
Nene : There are i n d i c a t i o n s t h a t
cont inuous p l a n t i n g o f pigeon-
pea is r e s u l t i n g in poorer
growth in every succeeding
season. This i s l i k e l y to
r e s u l t in r e j e c t i o n o f breed-
ing ma te r ia ] thay may be
r e s i s t a n t but is showing poor
growth in the s i c k p l o t .
What cou ld be done to avo id
such a s i t u a t i o n ?
Hagedorn : Grow o the r crops f o r 2 to 3 
years f o r ba lanc ing the s o i l
t e x t u r e .
Purss : Th is may not be a good idea.
Hubbel ing : Cer ta in l eve l s of res i s tance
may break down at c e r t a i n
h igh temperatures o f the s o i l .
Chohan : Poor growth may be due to
produc t ion of t ox i ns by the
biomass in s o i l .
Nene : In b lack s o i l we have expe r i -
enced more i n h i b i t i o n in
growth and p lan t phys io log is ts
suspected a l l e l o p a t h y and
nematode bu i l dup l a t e r on .
Reddy : Red s o i l s showed comparatively
less i n h i b i t o r y e f f e c t on
growth .
Kannaiyan : In heavy r a i n f a l l years , we
observed poor p l a n t growth
and t h i s may be due to the
t o x i n s re leased from host
res idues .
Nene : Pigeonpea in general is
s e n s i t i v e to excess water .
Purss : What is the e f f e c t of c rop -
p ing on w i l t ?
Nene : The f i r s t year there is no
w i l t ; i n subsequent years
the w i I t increases.
Hagedorn : That i s , crop growing i n -
creases disease incidence?
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Singh : Continuous growing of the
same crop a f f e c t i n g growth
in s i ck p l o t may be due to
e f f e c t o f decomposing r e s i -
dues and due to some n u t r i -
t i o n problem.
K r a f t : What about i n t e r a c t i o n w i t h
o the r organisms such as
nematodes?
Hagedorn : Root exudates may be t o x i c
to the next c rop .
Sharma : There is no in fo rmat ion on
causes of poor growth so far .
Pigeonpea a f t e r pigeonpea is
the p r a c t i c e in some areas
w i t hou t much e f f e c t . The
s i c k p l o t s i t u a t i o n may be
d i f f e r e n t . Some c u l t i v a r s
such as NP(WR)-15 are
growing w e l l .
Kannaiyan : I do not agree f u l l y . NP(WR)-
15 had b e t t e r growth in the
e a r l i e r years than now.
Chohan : What is the e f f e c t of h igh
doses of n i t rogen?
Sharma : We got no response even up
to 200 kg N/ha. I t on ly
helps in the i n i t i a l vege-
t a t i v e boost .
Nene : We cons ider m u l t i l o c a t i o n
t e s t i n g o f promis ing l i n e s
d e s i r a b l e before using them
in c rosses . Is our t h i nk i ng
co r rec t?
Hubbel ing : I t i s c o r r e c t .
( A l l o t he r consu l tan ts agreed)
K ra f t : Progenies (F3) a l so should
be tes ted at d i f f e r e n t l o c a -
t i o n s .
Sharma : We have not ye t s t a r t e d t h i s
f o r d iseases.
Nene : Since the w i l t incidence i n -
creases cons iderab ly a f t e r
r a t o o n i n g , i s i t d e s i r a b l e
to go by the pos t ra toon r e -
a c t i o n o f l ines?
Wood : Is it a common p rac t i ce?
Nene : In c e r t a i n areas of I n d i a ;
most ly i n o the r c o u n t r i e s .
Abawi : I f you are i n t e r e s t e d in only
immune l i n e s or those w i t h
a very h igh leve l o f t o l e r -
ance, my answer would be
" Y e s . "
K r a f t : Is i t necessary to have post -
ratoon immunity?
Sharma : Phys io l og i s t s look ing f o r
annual types based d i f f e r -
e n t i a l seed s izes a t the
base and top o f the f r u i t i n g
branches. Types t h a t ho ld
on a f t e r ra toon ing are looked
f o r , because they g i ve p l a s -
t i c i t y i n the c ross ing sys-
tem. We are i n t e r e s t e d in
such t ypes .
Nene : What are the p o s s i b i l i t i e s
of develop ing a s e l e c t i v e
medium f o r Fusarium udum?
Singh : It is poss i b l e but may take
a l o t o f t ime . Temperature,
pH, and some o the r f a c t o r s
need to be worked o u t .
S i n c l a i r : I t i s the type o f work t h a t
should be undertaken at a 
u n i v e r s i t y l a b o r a t o r y .
Wood : It would be a good study f o r
an e n t h u s i a s t i c M.Sc. s tudent .
K r a f t : Would low pH media be s u i t -
ab le f o r Fusar ium oxysporum?
Nene : We had t r i e d Komada's medium
(pH 3.8±0.2) but d i d not
f i n d i t p romis ing . Let me
ra i se another q u e s t i o n .
Several s o i l - b o r n e pathogens
t h a t can a t t a c k chickpea are
present in most s o i l s , even
though one or two pathogens
may dominate. In s i c k p l o t s
at ICRISAT Fusa r ium oxysporum
f . sp. ciceri dominates, but
o the r pathogens such as R h i -
zoctonia bataticola a l so k i l l
many l i n e s . Should we there -
f o r e encourage " m u l t i p l e -
disease s i c k p l o t s " and iden-
t i f y l i nes t h a t show leas t
m o r t a l i t y f o r use in the
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breeding program? Or should
we concent ra te on working
ou t procedures f o r I d e n t i -
f y i n g res is tances t o d i f f e r -
ent s o i l - b o r n e pathogens
i n d i v i d u a l l y ?
Wood : I suggest you s t a r t w i t h
Fusarium oxysporum and b r i n g
i n o thers l a t e r .
Hubbel ing : I t is important to have notes
on a l l the d iseases. But it
is f r e q u e n t l y d i f f i c u l t to
know what diseases are i n -
v o l v e d .
Haware : We have two s i c k p l o t s . In
the m u l t i p l e - d i s e a s e s i c k
p l o t a l l the diseased p l an t s ,
i r r e s p e c t i v e o f the pathogen,
are added. In the w i l t - s i c k
p l o t on l y w i l t e d p lan t s are
added. In the m u l t i p l e - d i s -
ease p l o t i r r i g a t i o n i s given
to encourage the m o r t a l i t y
due to R h i z o c t o n i a s o l a n i ,
Sclerotium volfsii, e t c .
A f t e r every 20 days, dead
p lan ts are c o l l e c t e d and
i s o l a t i o n s made to f o l l o w
the sequence of the patho-
gens invo lved du r ing the
crop season.
K r a f t : We exper ienced s i m i l a r p rob-
lems. Screening germplasm
f o r i n d i v i d u a l pathogens in
the l abo ra to r y and screening
i n the f i e l d aga ins t a l l
should be more i d e a l .
A l l e n : I agree w i t h Dr. K r a f t , but
d isagree w i t h the screening
of germplasm in the g reen .
house. I t is d e s i r a b l e to
encourage as many pathogens
as poss ib le in the f i e l d by
p rov i d i ng i n f e c t o r rows, e t c .
Where f i e l d screening is
i n a p p r o p r i a t e , the gaps can
be br idged by s u i t a b l e labo-
r a t o r y sc reen ing . So both
approaches have to be taken
i n t o c o n s i d e r a t i o n .
Haware : F i r s t , screening is done
aga ins t F, oxysporum as it
is the major problem, then
p lan t s are sub jec ted to o t h e r ,
comparat ive ly minor , pa tho-
gens.
Hagedorn : In commercial p roduc t ion
how important are the patho-
gens o the r than w i l t ?
Nene : W i l t s caused by F. oxysporum 
f. sp. ciceri and R. batati-
c o l a are more common and
widespread; o thers are l o c a l -
ized and less impor tan t .
Wood : I wonder when m u l t i p l e -
disease p l o t screening should
be in t roduced and should i t
be at e a r l y stages?
A l l e n : Yes, i t should be in t roduced
at an e a r l y stage in the
program.
K r a f t : That w i l l be d i f f i c u l t .
Purss : Are " m u l t i p l e d iseases" a 
problem in farmers' f i e l d s ?
Nene : Yes.
A l l e n : Do the problems occur together?
Nene : Yes; it depends on the stage
at which you see the f i e l d s .
Singh : A l l the problems are common
in the farmers' f i e l d s . They
develop a t p a r t i c u l a r stages
o f p l an t growth.
Purss : Is i t necessary to have
res i s tance t o a l l ?
S i n c l a i r : We could take examples from
o the r c rops. Often breeders
develop a c u l t i v a r r e s i s t a n t
to one disease but the new
c u l t i v a r i s suscep t i b l e t o
another pathogen t ha t was
not important in the pas t .
There is a need to screen
f o r res is tances to several
pathogens at one t ime .
Wood : It may be easy to get r e s i s -
tance to F. oxysporum. But
much more d i f f i c u l t to get
i t aga ins t Sclerotium. What
do you do then?
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Nene : A f t e r m u l t i l o c a t i o n t e s t i n g ,
l i n e s w i t h low m o r t a l i t y are
s e l e c t e d , seed m u l t i p l l e d ,
and supp l ied to breeders. I 
agree i t would be d i f f i c u l t
t o get l i n e s r e s i s t a n t t o a l l
pathogens a t a l l l o c a t i o n s .
K ra f t : C u l t i v a r s f o r s p e c i f i c areas
or w i t h broad t o l e rance
should be cons idered.
Nene : A f t e r the i n i t i a l d isease
surveys, res i s tance t o w i l t
and R. b a t a t i c o l a was found
necessary in the sem i -a r i d
c rops . Resistance to Asco-
chyta b l i g h t i s abso lu te l y
necessary in some West Asian
coun t r i es and some o the r
ch ickpea-growing c o u n t r i e s .
The main o b j e c t i v e is r e s i s -
tance to the major pathogens
and low or no s u s c e p t i b i l i t y
t o o t h e r s .
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Epidemiology
Aspects of Epidemiology of Soil-borne Diseases
In h i s book The Principles of Plant 
Pathology, Tarr (1972) suggests tha t
epidemiology "has a wide meaning and has
come to inc lude most f i e l d aspects of
d isease. In a sense I t is the i n t e r -
ac t i on of c rop , pathogen and environment,
popu la t ions of p l an t s and pathogens
ra the r than i n d i v i d u a l s being i n v o l v e d . "
This is a most app rop r ia te way to ap-
proach ep idemio logy , p a r t i c u l a r l y in the
case of s o i l - b o r n e d iseases.
I have been asked to t a l k on the
epidemiology of s o i l - b o r n e diseases based
on my exper ience. I w i l l not at tempt to
review such a wide sub jec t but w i l l
r e f e r to aspects o f epidemiology w i t h
which I have become f a m i l i a r in my work
and discuss in d e t a i l some examples t h a t
may have a p p l i c a t i o n in the work here
at ICRISAT.
In s o i l - b o r n e diseases such as roo t
r o t s , basal stem r o t s , and vascu la r w i l t s ,
epidemiology has the three main compo-
nents r e f e r r ed to by T a r r . There is the
s u r v i v a l of the pathogen between crops
or a l t e r n a t i v e hosts e i t h e r in a sapro-
p h y t i c phase or as r e s t i n g propagules.
The concepts developed by Ga r re t t are
we l l known In t h i s regard . There is the
e f f e c t o f the environment on the bu i ldup
of inoculum and i t s d issemina t ion to
produce an ep idemic , then the re is the
crop, which is our u l t i m a t e concern.
These th ree f a c t o r s are a l l i n t i m a t e l y
r e l a t e d , as has been o f t e n s t ressed by
a u t h o r i t i e s on epidemio logy.
I t is gene ra l l y much eas ie r to see
these three components in a i r bo rne d i s -
eases. Indeed, when epidemiology is
discussed at conferences and congresses,
emphasis is placed on diseases such as
r u s t s , f o l i a g e b l i g h t s , and f r u i t spots .
Inoculum l eve l s can be moni tored r e l a -
t i v e l y e a s i l y , us ing equipment such as
spore t r a p s , and,as a r e s u l t , fo recas t ing
serv ices have been developed f o r diseases
such as po ta to b l i g h t (Phytophthora
infestans) and b lack spot of apple
(Ventur ia inaequalis). There are of
course techniques a v a i l a b l e f o r the
measurement of r e s t i n g propaguies
and spore l eve l s in the s o i l and new
improvements are c o n t i n u a l l y being made,
p a r t i c u l a r l y w i t h respect t o s e l e c t i v e
media. Techniques developed by Cook
(1968) f o r Fusar ium spp. and by Ledingham
and Chinn (1955) f o r Cochliobolus sa t i vus
serve as examples. The range of s p e c i f i c
fung i c ides now a v a i l a b l e should a s s i s t
f u r t h e r development in t h i s area. Dodman
and Reinke (1978), f o r ins tance , have
improved techniques f o r the recovery of
C. sativus in t h i s way. In our labo-
r a t o r y in Br isbane, K.G. Pegg has modi-
f i e d an e legant s i e v i n g technique o f
McCain et a l . (1967) f o r count ing chlamy-
dospores of Phytophthora cinnamomi in
the s o i l . These techniques are c e r t a i n l y
improvements on the b a i t i n g techniques
and have a l ready helped in the under-
s tand ing o f the epidemiology o f the
re levan t d iseases.
The e f f e c t o f environmental f a c t o r s
i s i n f i n i t e l y more complex w i t h s o i l -
borne diseases than w i t h a i r bo rne d i s -
eases. Apart from the obvious d i r e c t
e f f e c t s of mois ture and temperature on
the ge rm ina t i on , d i s s e m i n a t i o n , and patho-
g e n i c i t y o f organisms, the complex i ty o f
s o i l i t s e l f i s h i gh l y s i g n i f i c a n t . Phy-
s i c a l f a c t o r s in the s o i l have been
s t ressed by G r i f f i n (1972) , and chemical
composi t ion has been known to be p a r t i -
c u l a r l y s i g n i f i c a n t , a good example
being browning roo t r o t of wheat caused
by P y t h i u m spp. (Vanterpool 1952). The
b i o l o g i c a l component o f the s o i l env i ron -
ment is so v a r i a b l e as to produce e f f e c t s
t h a t defy r e s o l u t i o n . Obv ious ly , a l l
these f a c t o r s i n t e r a c t , as has been hy-
pothes ised as an exp lana t i on f o r the
s e v e r i t y of diseases such as D ip lod ia
b l i g h t in peanuts (Purss 1962). There
have been, great advances in recent t imes
in our understanding of antagonism and
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b i o l o g i c a l c o n t r o l in s o i l s (Baker and
Cook 1974; Wi ldermuth and Rovira 1978).
Ethylene l e v e l s have been shown to be
r e l a t e d to the balance o f organisms in
the s o i l (Smith 1976). Management p rac-
t i c e s have been developed tha t e x p l o i t
such environmental e f f e c t s on pathogens
f o r c o n t r o l . These can be s imple meas-
u r e s , such as dra inage a f f e c t i n g aerat ion
and mois ture r e l a t i o n s h i p s , to complex
b i o l o g i c a l c o n t r o l systems, such as have
been devised f o r roo t r o t of avocado
(Pegg 1977). Whi le gene ra l l y the mecha-
nisms invo lved in such b i o l o g i c a l control
systems are incomple te ly unders tood,
sometimes the re is a very s imple e x p l a -
n a t i o n . An example of the l a t t e r is the
d i r e c t e f f e c t o f c u l t i v a t i o n procedures
on the germinat ion of propagules of
Fusarium solani f o r the c o n t r o l of roo t
r o t of beans (Cook and Snyder 1965). A 
pathogen such as Fusarium f. sp . cubense
may be a f f e c t e d by f l o o d i n g (Stover et
a l . 1953) or d isease s e v e r i t y might be
minimized by c a r e f u l s e l e c t i o n o f t ime
o f p l a n t i n g . The l a t t e r i s wel l -known
f o r b lack shank of tobacco caused by
Phytophthora nicotianae va r . nicotianae 
(McCarter 1967) or crown r o t of wheat
caused by Gibberella zeae (Purss 1971)
(Table 1).
Let us t u rn now to the crop f a c t o r s .
Immediately i t must be recognized t h a t
these cannot be e a s i l y separated from
the environmental f a c t o r s . In some d i s -
eases, such as charcoal r o t of sorghum
and soybeans (Macrophomina phaseoli),
the response o f the crop to s t r e s s c o n d i -
t i o n s is paramount in ep idemio logy . In
t h i s case the organism is gene ra l l y abun-
dant so inoculum l e v e l s are of lesser
s i g n i f i c a n c e . Crops may have a d i r e c t
e f f e c t on inoculum p o t e n t i a l ; thus crop
r o t a t i o n has become a c l a s s i c a l means of
c o n t r o l . There are the c o n f l i c t i n g
e f f e c t s o f reduced inc idence o f c e r t a i n
s o i l - b o r n e diseases by con t inua l c u l t i -
v a t i o n to one c rop , an example being
t a k e - a l l o f wheat (Shipton 1975) . Sus-
c e p t i b i l i t y of weeds is an impor tant
f a c t o r and some of the work on the e f fec ts
of "nonhos ts " on t he inoculum p o t e n t i a l
o f V e r t i c i l l i u m dahliae are i n t e r e s t i n g
in t h i s regard (Evans 1971). M ic ro -
s c l e r o t i a p roduc t ion in crop res idues
has a s i g n i f i c a n t e f f e c t on V e r t i c i I l i u m
w i l t o f co t ton (Franc is e t a l . 1975).
Some i n t e r e s t i n g e f f e c t s important in
epidemiology are r e l a t e d to the r e a c t i o n
of the c u l t i v a r s grown. These may have
a d i r e c t bear ing on the amount of i no -
culum produced both dur ing the l i f e of a 
crop and between c rops . The e f f e c t of
envi ronmental f a c t o r s on inoculum produc-
t i o n , and hence the development of e p i -
demics, can be q u i t e d i f f e r e n t w i t h c u l t i -
vars possessing d i f f e r e n t l e v e l s o f
r e s i s t a n c e . Some of the conc lus ions we
have reached w i t h stem r o t of cowpea
(Phytophthora vignae) in t h i s regard w i l l
be r e f e r r e d to l a t e r .
For the c o n t r o l o f s o i l - b o r n e d i s -
eases in broadacre c rops, we w i l l f a l l
back in the main on disease res is tance
of the po lygen ic type or management
procedures. We w i l l need to have an
understanding of epidemiology in both
instances i f we are to achieve g rea tes t
e f f e c t i v e n e s s . This w i l l a l l o w us to
a t t a c k the pathogen at the most v u l n e r -
ab le p o i n t i n i t s l i f e cyc le o r grow
c u l t i v a r s w i t h a leve l o f f i e l d r e s i s -
tance adequate f o r the environment.
I would l i k e to r e f e r now to s p e c i -
f i c examples in Queensland.
Stem r o t of cowpea (Vigna sinensis)
is caused by the fungus Phytophthova 
vignae. Recorded f i r s t in A u s t r a l i a in
1950 causing devas ta t ing losses in cow-
pea (Purss 1953), i t remained undetected
i n o the r coun t r i es u n t i l r e c e n t l y . I t
was repor ted in Japan in 1977 causing a 
stem r o t of small red beans (Phaseolus
radiatus va r . aurea) (Kodama personal
communicat ion) . I t w i l l b e o f i n t e r e s t ,
t h e r e f o r e , to look a t i t s epidemiology
in Queensland.
P. vignae has on ly been found on
cowpeas in Queensland. Pot exper imen-
t a t i o n has conf i rmed t h a t i t can su rv i ve
in the s o i l f o r a t leas t 12 months. I t
has been shown t h a t the organism has poor
saprophy t i c a b i l i t y , w i t h components
such as mycel ia and oogonia break ing down
r a p i d l y when diseased t i s s u e is re turned
to the s o i l . Oospores su rv i ve and
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Table 1. Percentage wheat plants at maturity affected by crown rot (Gibberella zeae) from plots with
different planting dates.
Month 1963 1964 1966 1967
May 19 63.3 3 59.5 5 54.3
June 17* 87.2 30 53.4 4 39.0
Ju ly 2 73.8
25 61.2
29 47.3 4 28.5 7 14.4
August 4 12.5 16 8.1
September 1 12.7
* D a y o f t h e m o n t h p l a n t i n g o c c u r r e d .
apparen t l y prov ide i n i t i a l inoculum. The
leve l o f disease increases w i t h succes-
s i v e p l an t i ngs of cowpeas (Table 2) and
there i s a d i f f e r e n t i a l e f f e c t on c u l t i -
vars (Purss 1957, 1958). Environmental
f a c t o r s , p a r t i c u l a r l y s o i l mo is tu re , have
a s i m i l a r d i f f e r e n t i a l e f f e c t on the
development of the disease in d i f f e r e n t
c u l t i v a r s (Table 3 ) . Those c u l t i v a r s
t h a t possess f i e l d res i s tance but are
f u l l y s u s c e p t i b l e i n glasshouse t e s t i n g
are most a f f e c t e d by v a r i a t i o n s in e n v i -
ronmental cond i t i ons (Table 4) . I t is
considered t h a t t h i s phenomenon may be
r e l a t e d to inoculum p o t e n t i a l , and t h i s
hypothesis is now being tes ted e x p e r i -
m e n t a l l y . The p a r t p layed by f r e e mois-
t u r e in the d issemina t ion o f the patho-
gen is we l l i l l u s t r a t e d by the movement
of the disease in a f r o n t across a f i e l d
or in tongues in low l y i n g a reas . Under
h igh mo is tu re c o n d i t i o n s a e r i a l l es ions
occur and i t has been demonstrated t h a t
these are i n i t i a t e d by sporangia germi -
n a t i n g d i r e c t l y . Al though the organism
has a wide temperature range (11-34°C)
aggress ive p a r a s i t i s m occurs w i t h i n nar -
row l i m i t s (19-20°C). P lants growing in
temperatures o u t s i d e these l a t t e r l i m i t s
w i l l s u r v i v e even under c o n d i t i o n s o f
h igh inoculum p o t e n t i a l . Disseminat ion
of inoculum in seed is o f t e n important
i n s o i l - b o r n e d iseases, e . g . , crown r o t
(Gibberella zeae) of wheat (Purss 1971),
but w h i l e t h i s is suspected w i t h P.
vignae, i t has not been poss ib le to
demonstrate i t e x p e r i m e n t a l l y .
Table 2. Stem rot (Phytophthora vignae) incidence
in cowpea during successive seasons
at Boonah.
V a r i e t y
% I n f e c t i o n
1952-53 1953-54 1955-56
Poona
Cr is tando
60 90 100
0 36 100
W i l t ( V e r t i c i l l i u m dahliae) has been
known in peanuts in Queensland f o r many
years . I t was considered o f l i t t l e im-
por tance , o c c u r r i n g on l y i n i s o l a t e d
patches (Morwood 1945). In the l a t e
1950s the disease increased d r a m a t i c a l l y ,
w i t h i t s d i s t r i b u t i o n becoming compara-
t i v e l y un i fo rm across f i e l d s , and i t be-
came a s i g n i f i c a n t f a c t o r in y i e l d loss
(Purss 1961). What f a c t o r s were involved
in t h i s sudden change? There was ce r ta in -
ly no evidence of any d ramat ic change in
the pathogen. There had, however, been
a complete change in h a r v e s t i n g procedures,
Prev ious ly the peanuts were stooked a f t e r
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" p u l l i n g " and t r anspo r ted when dry enough
f o r t h resh ing a t a s t a t i o n a r y s i t e .
Residues were e i t h e r b a i l e d and fed to
s tock o r burn t o f f . I so la ted patches o f
w i l t in subsequent crops cou ld be re lated
to these th resh ing s i t e s . The new
methods invo lved windrowing and ha rves t -
ing w i t h a p i ck -up t h r e s h e r , the residues
being s c a t t e r e d a l l over the f i e l d . The
change in d isease d i s t r i b u t i o n in subse-
quent years is considered to be due to
t h i s change in management. There is a 
c o n f l i c t now between the need to r e t a i n
these residues f o r s o i l conserva t ion and
dispose o f them f o r disease c o n t r o l .
Crown r o t of peanuts is caused by
the u n l i k e l y pathogen Aspergillus niger. 
This disease was a l i m i t i n g f a c t o r to
produc t ion in Queensland f o r many yea rs .
Inoculum is widespread in peanut s o i l s
(Purss, unpubl ished data) but i t s l eve l
appears t o bear l i t t l e r e l a t i o n t o d i s -
ease inc idence. What is important is
the e f f e c t of a management p r a c t i c e on
the e f f e c t i v e n e s s of inoculum. Gibson
(1953) in A f r i c a found t ha t organo-
mercu r ia l s a c t u a l l y increased the e f f e c -
t i veness of t h i s pathogen on seeds be-
cause i t is more t o l e r a n t of mercury than
o ther components of the seed and s o i l
f l o r a . Queensland work v e r i f i e d t h i s
and found tha t the devas ta t ing losses ,
much g rea te r than had been repor ted e l s e -
where, cou ld be reduced almost to zero
by c o r r e c t seed dress ings (Purss 1960) .
I would l i k e to r e f e r again to stem
r o t of cowpea and r e l a t e an exper ience
tha t i l l u s t r a t e s c l e a r l y the importance
o f the reac t i on o f c u l t i v a r s In the p ro -
duc t ion of inoculum. This has long been
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Table 3. Percentage cowpea plants diseased with stem rot (Phytophthora vignae) in two cultivars
under varying moisture conditions.
Poona
87 Block 1 
Cr is tando
17
No f ree water
on sur face f o r
any length of
t ime
Area swampy
f o r shor t
per iods
Block 2 57
100 Block 3 64
Block 4 100
Area
complete ly
swampy f o r
almost e n t i r e
t r i a l
100 Block 5 100
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recognized in ep idemio log ica l s tud ies o f
stem rus t of wheat (Pucc in ia gramin is
va r . tritici) but is j u s t as a p p l i c a b l e
to s o i l - b o r n e d i s o r d e r s . The c u l t i v a r
Caloona was produced by i nco rpo ra t i ng a 
s i n g l e gene f o r res is tance to P. vignae 
i n t o the popular but s tem- ro t -suscep t ib le
Poona (Purss 1963). Caloona w i ths tood
the disease in t e s t s under a wide range
of f i e l d c o n d i t i o n s . I was c a l l e d to
observe a severe outbreak of stem ro t in
a p l a n t i n g of Poona. The farmer had
Caloona growing immediately adjacent to
i t . The grower was very pleased because
Caloona remained f r ee of the d isease.
At one end of the f i e l d however, a small
patch w i t h a few diseased p lan ts was
no t i ced in the Caloona. I t was thought
t h i s might be exp la ined by mixed seed.
W i th i n a mat ter of a few days however,
the disease spread in tongues from t h i s
small patch to devastate the p l a n t i n g .
Research proved tha t a p rev ious l y un-
descr ibed pathogenic race was responsible
f o r t h i s outbreak In Caloona (Purss 1972).
Thus the epidemic in Caloona was a d i rec t
r e s u l t o f the c u l t i v a t i o n o f the h i g h l y
suscep t i b l e Poona nearby. We cannot
t h e r e f o r e ignore ep idemio log ica l f a c t o r s
even when growing h i g h l y r e s i s t a n t c u l t i -
v a r s . We may u n w i t t i n g l y produce a very
spec ia l type of inoculum by the way we
use these c u l t i v a r s .
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Epidemiology of Diseases Caused by Rhizoctonia Species
H. K. Saksena
The form genus Rhizoctonia ( f rom the
Greek "death o f roo ts " ) is cha rac te r i zed
by the absence of any k ind of f r u i t i n g
bodies and the presence of s c l e r o t i a ,
c a r t i l a g i n o u s to f l e s h y , and o f un i f o rm
t e x t u r e w i t h i n . The vege ta t i ve mycelium
has c o n s t r i c t i o n of hyphal branches at;
t h e i r po in t o f o r i g i n , and the septum is
placed c losed to the p o i n t o f branching.
The l a t e r a l growth of branches is g i ven
out o f t e n a t r i g h t o r acute ang les . The
number of species descr ibed is e s t i m a t e d
to be 6 1 . Most of the species have been
placed in the genus in accordance w i t h
the above concept. A few species do not
appear to have any of the gener ic charac-
t e r i s t i c s o the r than the s t e r i l e mycelium.
The l i t e r a t u r e of Rhizoctonia d is -
eases has grown enormously s ince J u l i u s
Kuehn in 1858 observed R. solani a f f e c t -
ing po ta to t u b e r s . Of the species des_
c r i b e d , R. solani and R. bataticola are
the most widespread, d e s t r u c t i v e , and
important p lan t pathogens. Diseases
caused by them have received a t t e n t i o n
a l l over the w o r l d . The e a r l i e r work
done on epidemiology of diseases caused
by R. solani has been reviewed by Baker
and Mart inson (1970). Dhingra and Sin_
c l a i r (1978) have discussed the e p i -
demiology of R. bataticola diseases in
t h e i r recent book. However, in s p i t e of
the voluminous l i t e r a t u r e on them, many
aspects o f the epidemiology o f diseases
they cause are s t i l l not p rope r l y under-
s tood. No at tempt is made here at a 
complete l i t e r a t u r e rev iew. Based on my
exper ience , I in tend to discuss some
impor tant aspects o f epidemiology o f
major Rhizoctonia d iseases.
Important Rhizoctonia Diseases
The o r i g i n a l concept t ha t Rhizoctonia 
i n h a b i t s on l y s o i l and p l a n t roo ts and,
causes r o t t i n g of roots and damping-of f
of seed l ings has been mod i f ied over the
y e a r s . Several s t r a i n s of R. solani and
R. bataticola have been shown to occur
on a e r i a l p l a n t p a r t s , producing diseases
such as l ea f spots and b l i g h t s , stem
b l i g h t , s t a l k r o t , bud r o t , ear r o t , and
f r u i t r o t . R. solani cons is ts of a wide
range of pathogenic s t r a i n s va ry ing from
those s p e c i f i c to one host f am i l y to
those t ha t can a t t ack a la rge number of
f a m i l i e s . The p a r a s i t i c s p e c i a l i z a t i o n
is c a r r i e d f u r t h e r in some i s o l a t e s w i t h
respect to the pa r t o f the host they
attack (Flant)e and Saksena 1957).
The e a r l i e r work done in Ind ia was
mainly w i t h r oo t r o t and damping-of f
diseases caused by Rhizoctonia spp. With
the i n t e n s i f i c a t i o n o f a g r i c u l t u r e t ha t
evolved changes in cropping p a t t e r n s ,
crop husbandry, and c u l t i v a r t ypes , many
of the Rhizoctonia diseases have assumed
severe p ropo r t i ons and some new diseases
have become h i g h l y d e s t r u c t i v e and w ide -
spread.
Rhizoctonia solani 
Two d i s t i n c t s t r a i n s of R. solani in
Indian s o i l s — t h e r o o t - a t t a c k i n g and the
s h o o t - a t t a c k i n g — a r e mainly respons ib le
f o r major diseases of crop p l a n t s . The
root s t r a i n was known to be present In
our c u l t i v a t e d s o i l s , but the ex ten t o f
damage it can cause became apparent on ly
a f t e r the i n t r o d u c t i o n and ex tens ive
c u l t i v a t i o n o f h i g h - y i e l d i n g dwarf v a r i e -
t i e s of wheat and paddy. In both these
crops , the root s t r a i n of R. solani was
found to cause ex tens ive roo t r o t o f
seed l i ngs , lead ing to y e l l o w i n g and death.
In wheat i t produced "no g row th " patches
by rap id successional k i l l i n g o f seed-
l i n g s . The root r o t s t r a i n has s ince
been found to have a wide host range in
na tu re , a f f e c t i n g d i ve rse c rops , such as
c e r e a l s , m i l l e t s , pu l ses , o i l s e e d s , and
a number of weed hosts to cause i n f e c t i o n
of immature roo t t i s s u e s . However,
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d i f f e r e n c e s e x i s t i n i t s p a r a s i t i c be-
hav io r towards d i f f e r e n t h o s t s , ranging
from p roduc t ion o f minute les ions to
ex tens ive roo t r o t (Kumar 1976). This
root s t r a i n may not necessa r i l y have
been abundant in past yea rs , and much of
the root system may have escaped i n f e c -
t i o n dur ing the b r i e f but c r i t i c a l per iod
u n t i l i t s m a t u r i t y . Under the present
system of crop husbandry, m u l t i p l e c rop-
p i n g , and crop r o t a t i o n p a t t e r n s , i t i s
l i k e l y t h a t the popu la t ion o f the patho-
gen has g radua l l y b u i l t up to h igh leve ls ,
causing heavy damage under favorab le
c o n d i t i o n s .
The a e r i a l s t r a i n of R. solani has
come i n t o prominence w i t h the appearance
and spread of l e a f sheath b l i g h t of paddy
in the coun t ry . This disease was of no
consequence on r i c e in Ind ia before the
i n t r o d u c t i o n o f dwarf v a r i e t i e s ; now i t
is known to occur in a l l the r ice-growing
s ta tes o f the count ry . In o the r par ts
of the w o r l d , t h i s disease is known to
be s o i l - b o r n e on ly and i t s a t t a c k con-
f i n e d mainly to the lower l e a f sheath ;
under no r th Indian c o n d i t i o n s , however,
i t severe ly a t t acks a l l a e r i a l pa r t s
to cause banded b l i g h t symptoms (Saksena
1973). Work c a r r i e d out in our labo-
r a t o r y (Chaubey 1976) has shown tha t the
pathogen produces the o therw ise r a r e l y
repor ted basidiomycetous p e r f e c t s t a t e
of Thanatephorus cucumeris in abundance
in na tu re . The bas id iospores r e a d i l y
cause l e a f and pan i c l e i n f e c t i o n and can
be c a r r i e d by wind to new i n f e c t i o n
cour ts to b r i n g about rap id spread of
the d isease. The disease becomes seed-
borne once pan i c le i n f e c t i o n has taken
p lace. Thus a disease which is known to
be s o i l - b o r n e on ly in o the r r i ce -g row ing
areas has a lso been found to be seed-
borne as we l l as a i r bo rne under our
c o n d i t i o n s . About 18 to 20% seed from
a f f e c t e d p lan ts c a r r i e d the i n f e c t i o n .
Up to 14% p lan ts ra ised from seed of
a f f e c t e d p lan ts developed disease symp-
toms in pot exper iments. The disease
can be r e a d i l y reproduced by spray ing
bas id iospore suspension.
F i r s t observed on r i c e , the a e r i a l
s t r a i n of R. solani was subsequently
found to cause s i m i l a r symptoms of banded
b l i g h t on maize, sorghum, and pear l m i l l e t
a l so in n a t u r e . The pathogen has been
observed in recent years to extend i t s
host range f u r t h e r , to cause severe web
b l i g h t in legume crops, i nc lud ing b lack
gram, green gram, pigeonpea, cowpea,
soybean, groundnut, and o the r beans
(Saksena and Dwivedi 1973; Dwivedi and
Saksena 1975). Under favorab le cond i t ions ,
there is abundant p roduc t ion o f b a s i d i o -
spores in nature on many of the above
hos t s . I t i s our observa t ion t h a t the
web b l i g h t now has become the most serious
fungal disease of green gram, b lack gram,
cowpea and soybean in no r t h I n d i a , caus-
ing ex tens ive damage. The disease be-
comes seed-borne once the f l o r a l pa r ts
get i n f e c t e d . Groundnut was a lso found
s e r i o u s l y a f f e c t e d t h i s season by a e r i a l
b l i g h t . The a e r i a l b l i g h t is not so
common on pigeonpea, mainly because of
i t s growth hab i t and p l a n t i n g d i s tance .
The a e r i a l s t r a i n of R. solani has
a very broad host range and has been
found in nature on 45 crops and commom
weed hosts belonging to e i g h t p l an t
fami l ies—Gramineae, Leguminosae, C r u c i -
f e r a e , Cucurb i taceae, Cyperaceae, Com-
mel inaceae, Convolvulaceae, and Euphor-
b iaceae. The pa thogen i c i t y and i d e n t i t y
of the a e r i a l s t r a i n was conf i rmed by
numerous c r o s s - i n o c u l a t i o n t e s t s . Bas i -
d iospores are produced in abundance in
nature on many of these hos ts . Under
a r t i f i c i a l i n o c u l a t i o n , the a e r i a l s t r a i n
e x h i b i t e d a much wider host range and was
able to i n f e c t 68 p l a n t species belonging
to 14 f a m i l i e s — t h e e i g h t l i s t e d above,
as we l l as Malvaceae, Solanaceae, L ina -
ceae, Compositae, Chenopodiaceae, and
Pedal iaceae.
The a e r i a l s t r a i n of R. solani w i t h
T. cucumeris as i t s p e r f e c t s t a t e behaves
l i k e a c l a s s i c a l f o l i a r pathogen, w i t h
rap id product ion and d issemina t ion of
secondary inoculum, which are Important
f o r e p i p h y t o t i c s . The produc t ion o f
bas id iospores on a la rge number of c o l -
l a t e r a l hosts helps in ma in ta in ing ino -
culum p o t e n t i a l and pathogen bu i l dup .
The web b l i g h t disease may pose a serious
t h r e a t t o c u l t i v a t i o n o f pulse c rops ,
which are p a r t i c u l a r l y suscep t i b l e t o i t .
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Rhizoctonia bataticola 
R. bataticola is the o the r important
species t h a t i s a l so wor ldwide i n d i s t r i -
bu t i on and can a t t a c k d i f f e r e n t p l a n t
pa r t s to cause seed r o t , roo t r o t , co l l a r
r o t , s t a l k r o t , l ea f spot and b l i g h t ,
and blossom and f r u i t r o t . I t is known
to a t t a c k a wide v a r i e t y o f p l an t s i n -
c l ud ing pu lses , o i l s e e d s , sorghum, maize,
j u t e , and vegetable and f r u i t p l a n t s .
In legume c rops , i t causes roo t r o t o f
pigeonpea, ch ickpea, b lack gram, green
gram, and groundnut. There are repor ts
from no r th Ind ia of R. bataticola causing
b l i g h t and dieback of b lack and green
gram. I t is a lso repor ted to cause l ea f
spot and b l i g h t in pigeonpea in no r th
Ind ia (Saksena et a l . 1970). Some
s t r a i n s of R. batatioola produce the
p y c n i d i a l s t a te of Macrophomina phaseo-
l ina . Because of i t s e x t r a o r d i n a r y host
range, geographical d i s t r i b u t i o n , and
environmental a d a p t a b i l i t y , R. bataticola 
has become one of the r e a l l y important
p lan t pathogens.
Inoculum—Source and Survival
The inoculum of Rhizoctonia o r d i n a r i l y
cons is ts of hyphae and s c l e r o t i a . The
hyphae and s c l e r o t i a of R. solani can be
found in s o i l up to a depth of 10 to 15
cm. The mycelium could grow in u n s t e r i -
l i z e d s o i l f o r a r e l a t i v e l y long d is tance
w i thou t any energy source o the r than
those present in na tu ra l s o i l s . Accord-
ing to some workers , a c e r t a i n " f ood
base" may be necessary to i n i t i a t e and
sus ta in the growth of R. solani in s o i l .
Growth v e l o c i t i e s of 1 to 2.5 cm/day
through s o i l have been recorded. The
root s t r a i n was found to spread through
steamed s o i l at the ra te of 1.2 cm/day
when wheat seed l ings were p lan ted as
food base (Kumar 1976).
I t is commonly thought t ha t Rhizoc-
tonia e x i s t s in the s o i l as s c l e r o t i a
or t h i c k - w a l l e d hyphae assoc ia ted w i t h
p l a n t d e b r i s . Dry s c l e r o t i a of R. solani 
are repor ted to su rv i ve up to 6 years
when s to red at room temperature. Longe-
v i t y o f s c l e r o t i a is decreased by h igh
temperature or h igh mois ture cond i t i ons
dur ing s to rage . S t ra ins d i f f e r markedly
in t h e i r a b i l i t y to s u r v i v e in s o i l . The
s u r v i v a l pe r iod is repor ted to vary from
4 or 5 months to more than a year f o r
d i f f e r e n t s t r a i n s . The root s t r a i n o f
R. solani has been shown to su rv i ve in
i n f e c t i v e s t a t e f o r more than a year in
i n fec ted wheat roots bu r ied in s o i l in
po ts . There was a gradual d e c l i n e in
recovery and p a r a s i t i s m w i t h passage of
t ime (Kumar 1976). L i kew ise , R. solani 
was i s o l a t e d up to 11 months from r i c e
and cowpea p l a n t par ts n a t u r a l l y i n f ec ted
w i t h i t s a e r i a l s t r a i n and bu r ied i n
n o n s t e r i l e s o i l (Chaubey 1976; Dwivedi
1977). The pathogen was ob ta ined in
c u l t u r e from a l l the bur ied pieces used
f o r i s o l a t i o n up to 4 months a f t e r b u r i a l .
The rea f t e r , the percentage recovery g rad -
u a l l y dec l ined w i t h increase in tempera-
t u re and storage t ime .
R. bataticola is a lso known to su r -
v ive f o r long per iods in s o i l in the
form of mycel ia and s c l e r o t i a assoc ia ted
w i t h p l a n t d e b r i s . Meyer e t a l . (1974)
found tha t inoculum from s c l e r o t i a or
mycelium was almost equa l l y e f f e c t i v e in
causing charcoal r o t o f soybean. Sc le ro -
t ium popu la t ions of M. phaseolina are
repor ted to dec l i ne r a p i d l y under h igh
s o i l mo is tu re and in s o i l s w i t h h igh C:N
r a t i o amendments. Reduction in number
of v i a b l e s c l e r o t i a may be brought about
in the f i e l d by keeping s o i l mois ture a t
60% mo is tu re -ho ld i ng capac i t y f o r 3 to 4 
weeks at 30°C or above (Dhingra and S i n -
c l a i r 1978).
Basid iospores have been shown to be
an important source of inoculum and a 
major f a c t o r i n d issemina t ion o f a e r i a l
s t r a i n s of R. solani (Saksena and Dwivedi
1973). Maximum bas id iospore p roduc t ion
and d ischarge occurred du r ing midn igh t
and e a r l y morning hours before sun r i se .
The i r p roduc t ion was favored by n i g h t
temperatures below 24°C, r e l a t i v e humi-
d i t y above 95%, and ra te of evaporat ion
below 1.5 mm per day. In n a t u r e , b a s i -
d iospore p roduc t ion usua l l y s t a r t s i n
mid-August in nor th I n d i a . Basid iospores
germinated in 2 hours and l e a f penetrat ion
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took p lace through i n t a c t su r face by
fo rmat ion o f i n f e c t i o n cushions or by
d i r e c t pene t ra t i on through stomatal
openings.
Basiodiospores a re repor ted to lose
v i a b i l i t y r a p i d l y i n dry s to rage . A t
temperatures above 30°C, v i a b i l i t y was
l o s t a f t e r 2 weeks, whereas at low tem-
peratures the v i a b i l i t y pe r iod va r i ed
from 4 to 6 weeks. Basid iospores l o s t
v i a b i l i t y a f t e r 6 hours o f exposure o f
bas id iospore -bear ing p l a n t t i s s u e to
d i r e c t s u n l i g h t .
Secondary spread through w ind - and
water -borne s c l e r o t i a i s a l so repor ted
f o r both the Rhizoctonia spec ies . R.
solani a l so grows from l e a f to l e a f as
commonly observed in the web b l i g h t of
legumes.
R. solani and R. bataticola are both
c a r r i e d on and in t r u e seeds, as d i s -
cussed e a r l i e r . This is a lso an impor-
t a n t means of d i ssem ina t i on . In fec ted
seed ma te r i a l can lead to spread of
pathogens to areas where they are not
known to occur .
S t ra i ns of R. solani and R. batati-
c o l a are known f o r t h e i r wide host range.
They i n f e c t a la rge number of weeds and
r o t a t i o n crops which f u n c t i o n as a source
of inoculum and may he lp in the s u r v i v a l
of the pathogens. This is very important
in ep idemio logy . The a e r i a l s t r a i n o f
R. bataticola, f o r example, surv ives
p a r a s i t i c a l l y on a very la rge v a r i e t y
o f h o s t s , which not on l y prov ide n u t r i -
t i o n f o r ma in ta in i ng the inoculum poten-
t i a l but a l so serve as important means
of bu i ldup and s u r v i v a l o f the pathogen.
Disease s e v e r i t y is commonly thought
to be assoc ia ted w i t h the inoculum p r e -
s e n t . Rhizoctonia species have been
wide ly used as a t o o l to determine i no -
cu lum-densi ty r e l a t i o n s h i p s . The r e -
l a t i v e d e n s i t i e s o f Rhizoctonias i n s o i l
have been measured, main ly by n o t i n g the
frequency o f invas ion o f n o n l i v i n g sub-
s t r a t e s and by tak ing counts of s c l e ro t i a
or hyphae, and c o r r e l a t i n g w i t h disease
s e v e r i t y o r inc idence. Results conf i rmed
tha t d isease s e v e r i t y usua l l y c o r r e l a t e d
w i t h the popu la t ion of Rhizoctonia (Baker
and Mart inson 1970).
Environment
and Rhizoctonia Diseases
Much has been w r i t t e n about the e f f e c t
of environment on Rhizoctonia d iseases.
Most of i t is obse rva t iona l and few
thorough s tud ies have been made of the
environment and disease development of
Rhizoctonia spp.
Broadly speak ing, d e f i c i e n c i e s o f
potassium, n i t r o g e n , o r ca lc ium or
excess o f n i t r o ge n i n c u l t i v a t e d s o i l s
increase the disease inc idence. A p p l i -
ca t i on o f ca lc ium is repor ted to con t ro l
Rhizoctonia roo t ro t in some crops. The
r o l e o f ca lc ium in disease res i s tance i s
probably to form i nso lub le pectates in
the p l a n t c e l l w a l l , which are r e s i s t a n t
to h y d r o l y s i s by Rhizoctonia po l yga lac -
turonases (Bateman 1970). In gene ra l ,
p lan ts r ece i v i ng unbalanced n u t r i t i o n
are predisposed r a p i d l y and remain
suscep t i b l e f o r a longer per iod than
p lan ts r ece i v i ng balanced n u t r i t i o n .
Many workers have s tud ied the e f f e c t
o f i nco rpo ra t i ng o rgan ic manures, crop
res idues , and processed o rgan ic ma te r i a l s
i n t o s o i l on the development of Rhizoc-
tonia d iseases. These amendments a f f e c -
ted the n u t r i t i o n a l balance o f the s o i l
f o r the host and pathogen and f o r the
o t h e r microbes in the s o i l . The o rgan ic
amendments have been usua l l y found to
decrease the inoculum p o t e n t i a l o f the
pathogen. There are a lso instances of
increase in disease incidence and s e v e r i t y .
The i n f l uence of temperature and
mois tu re on the development of Rhizoctonia 
diseases has been s tud ied by many workers.
The r e s u l t s cannot be genera l i zed because
of the d i f f e rences in the behavior o f the
pathogenic s t r a i n s under the in f l uence o f
p r e v a i l i n g mois ture and temperature.
This can be i l l u s t r a t e d by the r e q u i r e -
ments of temperature and mois ture by root
and a e r i a l s t r a i n s of R. solani f o r d i s -
ease development.
The root r o t s t r a i n of R. solani 
from wheat and paddy caused h ighest d i s -
ease inc idence in the lower s o i l moisture
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range of 7 to 10% (on oven dry weight
basis at 30°C. The disease inc idence
decreased w i t h increase in s o i l moisture.
At 10% mois ture leve l the disease r a t i n g
was lower at 27°C and 33°C than at 30°C
(Kumar 1976). At h igh s o i l mois ture
l e v e l s , the pathogen instead of causing
r o t t i n g o f roots produced minute necro-
t i c l es ions sca t te red on the r o o t s . Tem-
pera tu re around 30°C and low s o i l mois-
t u r e have a lso been found to favo r deve-
lopment of root r o t by R. solani in chick-
pea and l i n s e e d . On the o the r hand,
some Rhizoctonia diseases of roo ts are
repor ted most severe under moist s o i l
c o n d i t i o n s .
Temperature and mois ture g r e a t l y
in f luenced the development o f a e r i a l
b l i g h t caused by R. solani in r i c e and
legumes (Chaubey 1976; Dwivedi 1977).
Temperature in the range of 26° to 28°C
and r e l a t i v e humid i ty near 100% were
most s u i t e d f o r rap id development and
spread of d isease. With increase or
decrease in the temperature and decrease
in r e l a t i v e hum id i t y , the incubat ion
per iod was apprec iab ly prolonged w i t h
less disease development.
Free mois ture was e s s e n t i a l f o r the
germinat ion of bas id iospores and deve-
lopment o f f o l i a r e p i p h y t o t i c s i n the
s u i t a b l e temperature range of 26° to 30°C.
Four yea rs ' observa t ions on the weather
data and disease incidence in the f i e l d
have shown t h a t maximum disease develop-
ment and spread occurred in the months
of August and September in the mean tem-
pera tu re range of 20 .5° to 30.75°C w i t h
r e l a t i v e humid i ty 86 to 100%. Disease
development and spread was checked at
temperatures above 35°C w i t h 50 to 65%
r e l a t i v e hum id i t y .
Diseases caused by R. bataticola 
are gene ra l l y favored by temperatures
around 30° C and high s o i l mo is tu re . In
charcoal r o t of sorghum and soybean
caused by R. bataticola the response of
crop to s t ress c o n d i t i o n s has been found
more s i g n i f i c a n t in epidemiology than
the inoculum l e v e l .
Host s u s c e p t i b i l i t y is a lso impor-
t an t in disease inc idence and s e v e r i t y .
O r d i n a r i l y Rhizoctonia species are
s u c c e s s f u l l y ab le to penet ra te and invade
the t i ssues dur ing the seed l ing and e a r l y
stages of g rowth . Plants become r e s i s -
t a n t as they grow. The increase in res is -
tance w i t h p l an t age has been l i n k e d w i t h
t h i c k e n i n g o f host c e l l w a l l , l i g n i f i c a -
t i o n , wound per iderm f o r m a t i o n , and c a l -
cium content of host t i s s u e . In some
cases mature t i ssues are a t t acked . Strain
d i f f e rences a lso lead to preferences in
the age of p lan ts a t t acked . With wheat
and r i c e , 7- to 40-day o l d seedl ings were
found most suscep t i b l e to the root r o t
s t r a i n of R. solani (Kumar 1976). In
banded b l i g h t of paddy, p l an t s between
25 and 55 days o l d were most suscep t i b l e
to i n f e c t i o n by the a e r i a l s t r a i n o f R.
solani (Chaubey 1976). The spread of the
lea f spot formed on leaves of up to 15-
day o l d p lan ts was very slow and r e s t r i c -
t e d . In case of web b l i g h t of legumes,
the p lan t s were suscep t i b l e to disease
from the seed l ing stage u n t i l m a t u r i t y .
Disease s e v e r i t y was maximum in 30- to
70-day o l d p l a n t s . This was mainly due
to rap id spread of the f i l amentous hyphae
of the pathogen from l ea f to l ea f and
then from p lan t to p lan t when in contac t
in a dense s tand.
R. bataticola is a l so p r i m a r i l y
pathogenic to young seedl ings and immature
t i s s u e s , p a r t i c u l a r l y those d e v i t a l i z e d
by environmental c o n d i t i o n s . In several
cases the disease s e v e r i t y is found to
increase in o lde r p lan ts as in root r o t
o f soybean, c o t t o n , and j u t e .
Thus, Rhizoctonia causes d i f f e r e n t
types of diseases in a wide v a r i e t y of
p lan t s under d i ve rse environmental cond i -
t i o n s . The main purpose of ep idemio log i -
cal s tud ies is to o b t a i n a good knowledge
of the behavior o f the diseases in the
f i e l d f o r developing e f f e c t i v e c o n t r o l
measures. The predominant ly subterranean
h a b i t of Rhizoctonia has made chemical
c o n t r o l d i f f i c u l t , a l though several f u n g i -
c ides have been found e f f e c t i v e to con-
t r o l the pathogen. PCNB is a good example
f o r a chemical t h a t has been w ide l y used
to con t ro l Rhizoctonia in the s o i l and on
a e r i a l p a r t s . I so la tes of R. solani 
d i f f e r in t h e i r t o le rance to PCNB and
cont inued use of t h i s f u n g i c i d e has led
to development o f b io types w i t h g rea te r
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t o l e rance (Shat la and S i n c l a i r 1965).
The na tu re of p a r a s i t i s m of Rhizoc-
tonia spp. (Saksena 1971), i t s extremely
wide host range, and the presence of
ext remely v a r i a b l e s t r a i n s has made the
development o f r e s i s t a n t host v a r i e t i e s
a d i f f i c u l t t a s k . V a r i e t a l r es i s t ance
has been repor ted in beans, cabbage,
l e t t u c e , r i c e , and g l a d i o l u s . In general,
v a r i e t i e s have been found to d i f f e r in
t h e i r r e a c t i o n to Rhizoctonia i n f e c t i o n ,
but a h igh degree of r es i s tance has
r a r e l y been found or produced by s e l e c -
t i o n o r b reed ing .
In fo rmat ion on the c o n t r o l of Rhi-
zoctonia d iseases is most ex tens i ve on
the m o d i f i c a t i o n o f c u l t u r a l p r a c t i c e s ,
i n c l u d i n g b i o l o g i c a l c o n t r o l , The p r o -
nounced sap rophy t i c a c t i v i t y o f Rhizoc-
tonia spp. and i t s presence in most a g r i -
c u l t u r a l s o i l s a t va r ious l e v e l s o f
i n f e s t a t i o n has weakened the e f f e c t i v e -
ness of c u l t u r a l p r a c t i c e s . Success can
be achieved i f the var ious methods of
c o n t r o l are app l i ed in a complementary
manner.
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Epidemiology of Soil-borne Diseases of Groundnut
S o i l - b o r n e diseases of groundnut in India
inc lude (1) roo t r o t and stem r o t caused
by Corticium solani (= Rhizoctonia solani 
Kuehn) and dry stem and root r o t (ashy
stem b l i g h t ) caused by Maorophomina 
phaseolina (= Rhizoctonia batatioola);
(2) Hypocotyl r o t , c o l l a r r o t , o r Asper-
gillus crown r o t caused by Aspergillus 
niger; (3) A f l a r o o t disease caused by
Aspergillus flavus, and (4) Fusarium 
r o o t , stem d iseases , and Fusarium w i I t ;
besides o t h e r roo t d iseases.
Root Diseases Caused
by Rhizoctonia and Macrophomina 
Both pathogens occur throughout the
groundnut-growing areas o f the w o r l d .
Rhizoctonia and Macrophomina diseases
occur in a l l groundnut-growing areas in
I n d i a , but are p a r t i c u l a r l y se r ious i n
Madras and D e l h i , and occur s p o r a d i c a l l y
in the Punjab (Mathur 1953; Chohan 1970;
vasudeva 1962). Both pathogens are seed-
and s o i l - b o r n e (Kang and Chohan 1966;
Feakin 1973; Jackson and Be l l 1969).
Roots, stems, branches, pegs, and nuts
are a t t a c k e d , w i t h the appearance o f
t i n y b lack s c l e r o t i a o f M. phaseo l ina
studded in the t i s sues (Mathur 1953;
Kang and Chohan 1966, Sunar and Chohan
1971a, 1971b). S t r a i n s of M. phaseolina 
are a l so repor ted to occur in na tu re
(Sundararaman 1929). M. phaseolina 
from co t ton is pathogenic to groundnut
( L i k h i t e 1936). The host range of M.
phaseolina has been s tud ied (Shaw and
A j reka r 1915). A l l the v a r i e t i e s so f a r
t es ted have been found to be h i g h l y sus-
c e p t i b l e (Lewin e t a l . 1971), except
Punjab-1 and TMV-3 which appear t o l e r a n t
to the root r o t diseases (Mathur 1953;
Mathur et a l . 1967). Lal and Mathur
(1967) repor ted l abo ra to r y assay methods
f o r d e t e c t i n g fung i such as M. phaseolina 
f rom seeds. Raj and Prasad (1975) r e -
por ted res i s tance o f two v a r i e t i e s ,
namely, B-30 and B-31 to roo t r o t of
groundnut caused by Rhizoctonia batati-
-o la.
Corticium solani 
Corticium solani is capable of i n f e c t i n g
a l l p r i n c i p a l organs o f the groundnut
p l a n t s . The pathogen p e r s i s t s f o r long
per iods in the s o i l , where, in the
absence o f l i v i n g h o s t s , i t l i v e s sapro-
p h y t i c a l l y on b i t s o f o rgan ic d e b r i s .
The inoculum is a l so c a r r i e d in ground-
nut seeds. I n f e c t i o n occurs through
wounds or d i r e c t l y through i n t a c t surface
t i s s u e ; cush ion - o r f i n g e r - l i k e s t r u c -
tu res a re t y p i c a l l y produced by branches
of hyphae in contac t w i t h the host su r -
face and p e n e t r a t i o n of the host f o l l o w s
t h i s development (Jackson and B e l l 1969).
Seeds p lan ted too deep are more prone to
i n f e c t i o n , as t h e i r seed l ings areweakened
and e t i o l a t e d .
Preemergence death of seed and
emerging seed l ings is caused by seed-
and s o i l - b o r n e pathogen in l i g h t e r s o i l s .
On emerging s e e d l i n g s , l es ions appear at
ground leve l on hypocoty l as sunken,
e longate dark brown areas 2 to 3 cm or
less in l e n g t h . Sometimes a dry r o t
develops and then the e n t i r e hypocoty l
co l lapses and the p l a n t d ies very rap id ly .
Lesions a l so develop on seed l ing tap
roots and spread to the l a t e r a l roo ts
(Feakin 1973).
P lan ts in va r ious stages o f develop-
ment are a lso a f f e c t e d by gradual d i s -
i n t e g r a t i o n of the r o o t s . Sunken brown
les ions appear on pr imary r o o t s , lead ing
to a p rog ress ive t o t a l browning o f the
secondary r o o t s . Reddish-brown les ions
a l so appear on the stem at s o i l l eve l or
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on branches ( in spread ing v a r i e t i e s )
where they are in con tac t w i t h the s o i l .
Such areas on the stem and branches t u r n
dark brown, s i nk i n t o the t i s s u e , a f f e c t -
ing severa l cen t imete rs a long the stem
and g i v i n g i t a t y p i c a l " w i r e - s t e m "
appearance. With the appearance of these
symptoms the e n t i r e p l an t r a p i d l y w i l t s
and d i e s . The whole p l a n t co l lapses
r a p i d l y in damp weather and in densely
p lan ted c rops .
In fec ted pegs and young pods t u r n
brown or b lack a t t h e i r t i p s and w i t h e r .
I n fec ted nuts are a t o t a l l o s s . Lesions
on pods are dark and angu la r . Many more
pods are l o s t because t h e i r pegs r o t and
they are l e f t i n the s o i l a t the t ime o f
ha rves t . Ent ry of secondary pathogens
is a l so f a c i l i t a t e d . I n fec ted seeds are
d i s c o l o r e d , w i t h s t a i n e d o r faded t e s t a s .
The pathogen p e r s i s t s in s o i l f o r
a long t i m e , l i v i n g s a p r o p h y t i c a l l y o r
o rgan ic debr i s in the absence of a hos t .
So i l inoculum can be reduced by burn ing
the p l a n t debr i s or by bu ry ing i t by
deep p low ing . P l a n t i n g o f s u s c e p t i b l e
crops such as beans and soybeans i n -
creases s o i l inoculum before the ground-
nut crop is p l a n t e d . Removal of weeds
helps to reduce s o i l inoculum. There is
l i t t l e p o s s i b i l i t y o f reducing inoculum
through use o f r e s i s t a n t v a r i e t i e s , since
breeding f o r r es i s tance i s very d i f f i c u l t .
Liming o f the s o i l , use o f pen ta -
ch lo ron i t robenzene as a p r e p l a n t i n g s o i l -
i nco rpora ted t rea tmen t , o r a p p l i c a t i o n
of ca lc ium s u l f a t e in the form of gypsum
as a p r e p l a n t i n g s o i l - i n c o r p o r a t e d t r e a t -
ment reduces the inoculum and the i n c i -
dence of C. s o l a n i i n f e c t i o n s and pod
r o t . Seed t rea tments a l so he lp in reduc-
ing inoculum.
Macrophomina phaseolina 
Macrophomina phaseolina is s o i l - and
seed-borne. The fungus p e r s i s t s in the
s o i l f o r long per iods as an a c t i v e l y
growing myceliurn or as dormant s c l e r o t i a .
Growth and s u r v i v a l of R. bataticola in
s o i l , on p l a n t p a r t s , and i n mixed c u l -
tu res are g r e a t l y i n f l uenced by o the r
microorganisms. The pathogen is spread
by s o i l movement and on crop d e b r i s .
H y d r a t i n g , mature, i n t a c t pods were
invaded most r a p i d l y at 26° to 32°C.
Invasion at 38°C was i n i t i a l l y very rapid
but was soon l i m i t e d at 32°C and 38°C by
concomitant growth of Aspergillus flavus 
on and in the pod.
Seedl ings were more r a p i d l y and
severe ly i n f e c t e d at 29°C and 35°C than
at 18° or 24°C, plumules being invaded
more f r e q u e n t l y than r o o t s . I r r i g a t i o n
reduces i n f e c t i o n , s ince the fungus is
known to spread r a p i d l y in d r i e r s o i l s
at h igh temperatures. Fungal growth in
pods is increased by r a i n a f t e r ha rves t .
Pods and k e r n e l s , i f damaged du r ing
ha rves t i ng and s h e l l i n g , are l i a b l e to
more damage. Rotat ions do not help to
reduce s o i l inoculum, but seed treatments
do. Reduction of inoculum through use
o f r e s i s t a n t v a r i e t i e s i s doub t fu l i n t h i s
p a r t i c u l a r pathogen.
Red-brown water-soaked les ions
appear on the stem j u s t above s o i l l e v e l .
The pathogen spreads upwards to the
a e r i a l pa r t s of the p l a n t and downwards
i n t o the r o o t s . Lesions a l s o sometimes
g i r d l e the stem, lead ing t o w i l t i n g o f
p l a n t s , f o l l owed by rap id c o l o n i z a t i o n
of the branches, which t u r n brown, and
the whole p l a n t d i e s . The dead t i s s u e
is covered w i t h abundant b lack s c l e r o t i a
appear ing as an ashy grey cover ing l i k e
a soo t . P a r t i a l i n f e c t i o n of a few
branches of a p l a n t can a l so occur in
less ser ious cases. Along w i t h stem ro t
and w i l t , roo ts are a l so a t t a c k e d . In
ra re cases, on l y roots are a t t a c k e d , in
which case the tap root tu rns b lack and
l a t e r becomes r o t t e n , shredded, and s t u d -
ded/covered w i t h s c l e r o t i a (Jackson and
B e l l 1969; Feakin 1973).
Pegs and pods are a l so a t tacked and
in some areas such i n f e c t i o n by M. phaseo-
lina is very s e r i o u s . I f pods are
p h y s i c a l l y damaged, the pathogen r a p i d l y
i n f e c t s the f r u i t s , deve lop ing symptoms
of b lacknu ts and lead ing a l so to con-
cealed damage. Secondary pa ras i t es la ter
a t t a c k such k e r n e l s .
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Diseases Caused by Aspergillus 
Collar Rot (Hypocotyl rot) Caused by
Aspergillus niger 
The disease is p reva len t throughout the
groundnut-growing areas o f the w o r l d .
Aspergillus niger is s o i l - and seed-
borne, thus the seed and the seed l ings
can be a t tacked at any stage from p l a n t -
ing onwards. Preemergence ro ts cause a 
decrease in ge rm ina t i on . The fungus
a l so causes preemergence s o f t r o t o f the
h y p o c o t y l . Ear ly postemergence seed l i ng
b l i g h t is very common. Young p l an t s
co l l apse and d i e soon a f t e r emergence,
due to the r o t t i n g o f the succu lent e lon-
ga t i ng h y p o c o t y l . The hypocoty l is
a t tacked both by s o i l - b o r n e A. niger and
by the fungus growing from a l ready i n -
f ec ted coty ledons or f rom spores c a r r i e d
on the seed s u r f a c e , which germinate
a f t e r p l a n t i n g . The hypocoty l t i s s u e
becomes water-soaked and l i g h t brown.
Lesions covered by the s p o r u l a t i n g fungus
a l so appear on stem at ground l e v e l .
Tan or brown spots appear on the c o t y -
ledons. As the pathogen spreads from
the coty ledons to the c o l l a r r e g i o n , the
whole region c o l l a p s e s , and the lower
leaves of the p lan t become c h l o r o t i c .
The i n f e c t e d t i s s u e becomes dark brown
and is covered w i t h b lack spores. In
emerging seed l ings the f i r s t symptom is
rap id w i l t i n g ( p a r t i a l o r w h o l e ) , es -
p e c i a l l y a f t e r r a i n f a l l f o l l owed by a 
dry s p e l l , du r ing which per iod t h i s
fungal invas ion o f the c o l l a r reg ion
(co ty ledonary node) causes shredding of
the i n f e c t e d t i s s u e , r e s u l t i n g in com-
p l e t e stem breakdown.
P lan ts t h a t escape e a r l y i n f e c t i o n
(immediate postemergence phase) may
l a t e r show crown r o t symptoms. Large
les ions develop on the stem and below
the s o i l and spread upwards a long the
branches, causing w i l t i n g and dea th .
The dead d r i e d branches are e a s i l y de-
tached f rom the d i s i n t e g r a t e d c o l l a r
reg ion and a re blown by the wind through
the c r o p , spreading spores as they go
a long . I n j u r i e s on the hypocoty l o r
stem, or s o i l thrown over coty ledons or
stem of growing p l a n t s are avenues of
fungal i nvas ion . Occas iona l l y , r o t t i n g
is con f ined to the lower p o r t i o n o f the
main r o o t s , in which case the p l a n t may
send out a d v e n t i t i o u s roo ts above the
diseased a rea ; such p lan ts seldom t h r i v e
and usua l l y d ie dur ing dry weather
(Feakin 1973).
Aspergillus species a re found in
almost every type o f s o i l , being p a r t i -
c u l a r l y p reva len t i n l i g h t t r o p i c a l s o i l s .
A. niger can t o l e r a t e low s o i l mo is tu re
and develops best at temperatures b e t -
ween 30° and 35° C. The pathogen is
sap rophy t i c and produces numerous spores .
The inoculum p o t e n t i a l of A. niger in
c u l t i v a t e d s o i l s seems to increase a f t e r
the growth of a diseased c rop . The main
car ryover f rom season to season is in
p lan t deb r i s—no t n e c e s s a r i l y from a 
groundnut c r o p — r o t t i n g in the s o i l and
on the seeds harvested from an i n f e c t e d
f i e l d . S o i l - b o r n e inoculum i s another
important source o f i n f e c t i o n , but the
pathogen is a l so c a r r i e d on the seed
sur face in or under the t e s t a . Super-
f i c i a l seed i n f e c t i o n is more common
than the deep-seated k i n d . Seeds become
i n f e c t e d du r i ng the l a s t days o f matu-
r a t i o n in the s o i l and du r ing h a r v e s t i n g ,
h a n d l i n g , and p a r t i c u l a r l y du r ing s h e l l -
i n g . I f pods are harvested and d r i e d
prompt ly the numbers o f i n f e c t e d kerne ls
decrease but i f pods are l e f t in damp
c o n d i t i o n s a f t e r h a r v e s t i n g , A. niger 
may spread throughout the c rop .
I n f e c t i o n takes p lace in most cases
w i t h i n 10 days of ge rm ina t i on . The co ty -
ledons are the pr imary i n f e c t i o n s i t e s ,
and most p l an t s d ie less than 30 days
a f t e r p l a n t i n g . The most se r ious crop
losses are the r e s u l t o f i n f e c t i o n s
o c c u r r i n g w i t h i n 50 days of sowing. High
s o i l and a i r temperatures pred ispose the
p l a n t s to i n f e c t i o n . Delays in emergence
due to deep p l a n t i n g increase the r i s k
of hypocoty l i n f e c t i o n s ( Ja i n and Nema
1952; Chohan 1965, 1968; Kang and Chohan
1966; Gupta and Chohan 1970b, 1970c;
Feakin 1973). Fu l l symptomatology of the
disease under f i e l d c o n d i t i o n s in the
Punjab has been descr ibed by Chohan (1965,
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1972). The losses may amount to 40% In
stand a t the seed l i ng s tage . I n f e c t i o n
In case of deep p l a n t i n g is common in
Ind ia (Chohan 1971b, 1971c). The e t i -
o l ogy , ep idemio logy , and p h y s i o l o g i c a l
patho logy of the disease have been f u l l y
worked ou t ( Ja in and Nema 1952; Chohan
1965; Chohan and Kapoor 1967; Chohan
1969a, 1969b; Bhat ia and Chohan 1970;
Gupta and Chohan 1970b, 1970c; Chohan
1971a, 1971b, 1971c). Antagonism of soi l
f u n g i , ac t inomyce tes , and b a c t e r i a
aga ins t A. niger has been repor ted
(Chohan 1971a, 1971c; Chohan and Singh
1973). Kang and Chohan (1966) , Chohan
(1969a, 1969b) and Chohan et a l . (1973)
a l so repor ted the occurrence of a la rge
number of seed- and s o i l - b o r n e fung i
and act inomycetes in the Punjab and a l so
from rh izosphere o f groundnut .
Chohan et a l . (1970) t e s t e d 734
v a r i e t i e s o f groundnut aga ins t the co l la r
r o t d isease and demonstrated t h a t one
v a r i e t y , namely EC-21115 ( U - 4 - 4 7 - 7 ) , was
immune in the Punjab. Some o t h e r v a r i e -
t i e s , namely B-4, B -21 , B-60, B-76,
B-101, B-181, and A s i r i y a mwitunde, are
repor ted to be r e s i s t a n t (Nema and Ja in
1955; Anonymous 1970; Aulakh and Sandhu
1970; Mathur and Sharma 1970; Verma
1971).
Ceresan (2%) and Agrosan GN (1%)
increased the u l t i m a t e s u r v i v a l o f ground-
nut p l an t s by about 21% (Bedi et a l .
1960; Ja in and Nema 1962; Nema et a l .
1955; Mathur and Sharma 1971). In the
Punjab, however, the organo-mercury seed
dress ings l a t e r l o s t e f f e c t i v e n e s s under
f i e l d c o n d i t i o n s . M e r c u r y - t o l e r a n t
s t r a i n s of A. niger a re known to e x i s t
in n a t u r e . A. niger is p r o t e c t e d from
mercury po ison ing by su lphahydra l com-
pounds ( g l u t a t h i o n e and c y s t e i n e ) , which
are present in abundance in the mycel ia
o f the pathogen. Organic mercury f u n g i -
c ides p a r t i a l l y s t e r i l i z e the sur round-
ing s o i l and he lp in promot ing s e l e c t i v e
a c t i o n (due t o s e l e c t i o n p r e s s u r e ) ,
whereby the m e r c u r y - t o l e r a n t A. niger 
( a l so v i r u l e n t s t r a i n s ) s t r a i n s dominate
the area d u r i n g the germina t ion pe r iod
of the seed (Gibson 1953; Ashworth and
Amin 1964; Ashworth e t a l . 1964). D i -
th iocarbamates such as t h i r a m and he te ro -
c y c l i c compounds such as captan have
proved h i g h l y e f f i c a c i o u s in p reven t ing
seed r o t and c o l l a r r o t diseases o f
groundnut (Nema et a l . 1955; Chohan et a l .
1966; Feakin 1973; Chohan 1971c; Mathur
and Sharma 1971; Gupta and Chohan 1970a).
Aflaroot Disease (Yellow mold) Caused
by Aspergillus flavus 
I n f e c t i o n by A. flavus s o i l - and seed-
borne fungus causes undressed seeds to
ro t r a p i d l y a f t e r p l a n t i n g . Seeds d i s -
i n t e g r a t e in 4 to 8 days, r e s u l t i n g in
low g e r m i n a t i o n . I n fec ted seeds are
covered by secondary invading fung i p a r t i -
c u l a r l y Rhizopus arrhisus. Dry soil
c o n d i t i o n s f avo r fungal spread, as seed-
l i n g emergence is de layed. The co t y -
ledons of emergent seed l ings are o f t e n
a t tacked and become n e c r o t i c , t h e i r i n -
f e c t e d sur faces covered by masses of
ye l l ow-g reen spores . A f t e r seed l ing
emergence, new i n f e c t i o n s do not occu r ,
but co ty ledons a l ready i n f e c t e d show
necros is o f the cen t ra l t i s sues and
les ions w i t h redd ish brown marg ins , which
may s p o r u l a t e . This necros is is always
te rm ina ted a t o r near the co ty ledonary
a x i s .
Under f i e l d c o n d i t i o n s , d iseased
p lan t s are s t u n t e d , i n poor c o n d i t i o n ,
and show general c h l o r o s i s of the leaves
due to the presence o f a f l a t o x i n , which
is t r a n s l o c a t e d from the coty ledons to
o t h e r above-ground pa r t s o f the p l a n t .
The l e a f l e t s are reduced in s i z e , w i t h
po in ted t i p s , t h i c k and l ea the ry leaves ,
w ide l y v a r i e d in shape and w i t h v e i n a l
c l e a r i n g . I f a f f e c t e d p l an t s are dug up,
the r a d i c l e is found to be l ack i ng in
secondary roo t development ( A f l a r o o t
d isease c o n d i t i o n ) . A. flavus pathogen
can a lso cause b lue damage to groundnut
seeds and d i s c o l o r a t i o n , a form of con-
cealed damage. A. flavus is a r e l a t i v e l y
weak pathogen on growing groundnut p lan ts .
I t s main e f f e c t is on harvested pods
( A f l a t o x i n problem in g roundnu t ) .
A f l a r o o t d isease was repor ted In
Ind ia by Chohan and Gupta (1968) . The
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e f f e c t o f a f l a t o x i n produced i n the coty-
ledons cont inues on t he groundnut p l a n t
f o r about a month, u n t i l the coty ledons
are shed (Chohan and Gupta 1968; Kang
1970). A. f lavus p e r s i s t s in senescent
coty ledons at l eas t 11 to 20 days a f t e r
p l a n t i n g (Kang 1970; Kumar 1971).
Seed germina t ion is reduced by 10
to 20% due to the seed-borne i n f e c t i o n
of A. flavus (Kang 1970; A u j l a 1971);
even the plumule becomes i n f e c t e d under
humid c o n d i t i o n s (Gupta and Chohan 1970a,
1970b). Under f i e l d c o n d i t i o n s , about
5 to 10% of the seed l ings showed the
A f l a r o o t disease c o n d i t i o n (Gupta and
Chohan 1970b; Chohan et a l . 1970; A u j l a
1971). V i s i b l e damage caused by A. fla-
vus in groundnut kerne ls in s to red pods
was up to 33.3% and concealed damage
to the e x t e n t of 26.6% (Gupta and Chohan
1970b, 1970c). Once the seed l ings have
emerged and are h e a l t h y , chances of seed-
l i n g i n f e c t i o n t h e r e a f t e r by A. flavus 
become remote (Jackson and B e l l 1969;
Kang 1970). The i n h i b i t o r y e f f e c t of
a f l a t o x i n on growth o f seed l ings o f
groundnut , wheat, and o t h e r crops is
negated when a f l a t o x i n - t r e a t e d seed l ings
are incubated w i t h g i b b e r e l l i c a c i d .
The s i t e o f a c t i o n o f g i b b e r e l l i c ac id
in p lan ts has been proposed to be a DNA-
dependent RNA-level and it has been
surmised t h a t a f l a t o x i n i n h i b i t s growth
of the c o l e o p t i l e of wheat by d i so rgan -
i z i n g the process o f c e l l d i v i s i o n de-
pendent on n u c l e i c a c i d m u l t i p l i c a t i o n
(Rana 1971).
The c o n t r o l of A. flavus on a f i e l d
sca le revealed t h a t f ung i c i des such as
D i f o l a t a n , Tec to -60 , and Dithane M-45
( c a p t a f o l ) gave s t a t i s t i c a l l y s i g n i f i c a n t
increase over the check as compared w i t h
the remaining f ung i c i des ( A u j l a 1971;
A u j l a e t a l . 1976) .
Diseases Caused by Fusarium 
Fusarium oxysporum. F. moniliforme, 
F. equiseti 
Fusarium spp. a re cosmopol i tan s o i l
borne pathogens. The species t ha t cause
groundnut diseases are found in most
groundnut-growing areas (Vasudeva 1962;
Kang and Chohan 1966; Feakin 1973; Jack-
son and Be l l 1969; Gupta and Chohan
1970b, 1970c).
Preemergence ro ts of seed l ings and
seeds are f r e q u e n t l y the r e s u l t o f
Fusarium i n f e c t i o n s in un t rea ted seeds.
Young seedl ings are very s u s c e p t i b l e i f
they are mechan ica l ly damaged or weakened
by p l a n t i n g too deep. There is a general
t i s s u e d i s i n t e g r a t i o n and the su r face o f
the seed l i ng is covered w i t h a sporu la t ing
mycel ium, which va r ies in c o l o r depend-
ing on the species of Fusarium i n vo l ved .
F. solani may cause a dry r o t of the tap
root in s l i g h t l y o l d e r s e e d l i n g s . The
end of the root becomes red-brown and
s h r i v e l s o r breaks o f f . The i n f e c t i o n
then spreads to secondary r o o t s , which
a l s o t u r n brown and break e a s i l y . In
Ind ia and Rhodesia, F. oxysporum is r e -
por ted to cause a w i l t o f matur ing p lan ts .
In dry weather when p l an t s are about 2 
months o l d , the leaves become ye l l ow and
p lan ts w i l t , dry up, and d i e . Roots and
stem show i n t e r n a l vascu la r browning and
d i s c o l o r a t i o n . M i l d sub le tha l a t t acks
render the p lan ts very s u s c e p t i b l e to
i n f e c t i o n by o the r pathogens. V a r i e t y
Namberquaire is moderately r e s i s t a n t .
Seed dress ings are very usefu l in con-
t r o l l i n g preemergence r o t s (Jackson and
Be l l 1969; Feakin 1973).
Kang and Chohan (1966) repor ted the
occurrence of a few more seed-borne
Fusaria on groundnut in the Punjab,
namely, F. solani, F. oxysporum, F. moni-
l i f o rme , F. oxysporum va r . redo lens , and
F. equiseti a long w i t h severa l o t h e r fungi
(Chohan and Sunar 1971; Sunar and Chohan
1970, 1971a, 1971b; Rao 1962). Gupta
and Chohan (1970a, 1970c) recorded F.
oxysporum in the f i r s t sampl ing o f ground-
nut ke rne ls a f t e r h a r v e s t .
The Fusarium w i l t d isease man i fes ts
i t s e l f in dry weather when the p l an t s
are 2 months o l d . The leaves t u r n ye l l ow
and p l an t s dry up and d i e . The roo ts and
stem show i n t e r n a l vascu la r browning and
d i s c o l o r a t i o n . L a t e r , the roo ts are
a t tacked by o t h e r f u n g i , which cause
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secondary r o t and the roots become b r i t -
t l e and e a s i l y broken (Mathur 1953;
Vasudeva 1962).
Species o f Fusarium p e r s i s t f o r
long per iods in the s o i l as chlamydo-
spores and as l i v i n g hyphae in p l a n t
d e b r i s . Spores form r e a d i l y on invaded
p l a n t pa r t s and are a common inoculum
source and a p r i n c i p a l form in which the
fung i are d issemina ted .
Diseases Caused
by Other Soil-borne Pathogens
• Damping o f f , preemergence r o t ,
pod r o t caused by P y t h i u m myrio-
ty lum, P. ultimum, and P. i r r e g u -
lar.
• Stem r o t caused by Corticium 
rolfsii.
• Seed and preemergence ro t s caused
by Rhizopus arrhizus, P y t h i u m
oryzae and Rhizopus stolonifer. 
• Black r o t caused by Cylindro-
cladium c r o t a l a r i a e .
• B o t r y t i s b l i g h t , grey mold caused
by Botrytis c i ne rea .
• S c l e r o t i n i a r o t , root and stem
ro t s caused by Sclerotinia spp.
• Texas root r o t caused by Phyma-
totrichum omnivora. 
• D ip lod ia c o l l a r r o t caused by
Physalospora rhodina, P. zeicola. 
• W i l t , V e r t i c i l l i u m w i l t , pod r o t
caused by Verticillium dahliae 
and V. albo-atrum. 
• B a c t e r i a l w i l t caused by Pseudo-
monas solanacearum. 
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Techniques for Selective Isolation of Some Soil-borne Pathogens
The environments in which s o i l - b o r n e
pathogens i n t e r a c t w i t h the host roo ts
are much more complex than the e n v i r o n -
ments f o r pathogens o f a e r i a l p a r t s .
Al though there is now some evidence to
suggest t h a t phy l losphere m i c r o f l o r a p lay
some de te rmin ing r o l e in the p a r a s i t i s m
o f f o l i a r pathogens, the l a t t e r are not
sub jec t to as heavy b i o l o g i c a l pressure
as the root pathogens. The comp lex i t i es
o f b i o l o g i c a l environments c rea te problems
in the understanding o f the ecology o f
the pathogens tha t is a p r e r e q u i s i t e to
t h e i r durable management. Popu la t ion
s tud ies are a basic f e a t u r e of eco logy,
and in the case of s o i l - b o r n e pathogens,
the popu la t ion must be determined w i t h -
out i n t r oduc ing s t imu lan t s o r i n h i b i t o r s
i n t o the s o i l .
The Need for Selective Media
The weakness in pathogenic forms of fungi
due to t h e i r advanced e v o l u t i o n a r y status
r e s u l t s i n t h e i r i n a b i l i t y t o compete
success fu l l y w i t h the saprophy t i c o r
nonpathogenic forms of microbes tha t
e x i s t in abundance in the s o i l . Thus,
in a t tempts to d i r e c t l y enumerate t h e i r
popu la t i on in s o i l on r o u t i n e media, i t
i s u n l i k e l y t ha t the pathogenic fung i
w i l l express t h e i r f u l l numerical
s t r e n g t h . The obs tac les cou ld be over -
come by using methods t ha t favo r t h e i r
growth. Enrichment o f s o i l w i t h su i tab le
s u b s t r a t e s , use of b a i t s , and host in fec-
t i o n techniques have been employed w i t h
s p e c i f i c o b j e c t i v e s (Durbin 1961; Menzies
1963; Banihashemi and M i t c h e l l 1975;
Grimm and Alexander 1973; Marks and
M i t c h e l l 1970; P r a t t and Heather 1972).
However, these methods f a i l to g i ve a 
q u a n t i t a t i v e es t ima te o f uns t imu la ted
popu la t i on o f pathogens in the s o i l , the
f i g u r e s on l y reveal the m u l t i p l i e d number
o f propagules . Al though t h i s helps in
de tec t i ng the poss ib l e leve l o f i n f e c t i o n ,
i t i s not q u a n t i t a t i v e de te rm ina t ion f o r
eco log i ca l purposes.
In d i r e c t enumerat ion, suppression
of unwanted members of s o i l m i c r o f l o r a
i s e s s e n t i a l , and f o r t h i s a n t i b a c t e r i a l
and a n t i f u n g a l chemical agents have long
been in use. These a n t i m i c r o b i a l agents
( o x g a l l , sodium p rop iona te , sodium tauro-
c h o l a t e , c r y s t a l o r gent ian v i o l e t , rose
benga l , ma lach i te g reen, e t c . ) helped in
the de te rm ina t ion o f t o t a l f u n g i , b a c t e r i a ,
and ac t inomycetes , but f a i l e d to se lec -
t i v e l y i s o l a t e a g iven pathogen such as
Pythium, Phytophthora, Fusarium, or Rhi-
zoctonia ( B u t l e r and Hine 1958; C o l l i n s
1967; Durbin 1961; Goldberg 1959; Johnson
1957; Mar t in 1950; Papavizas and Davey
1959).
A s e l e c t i v e medium p icks out the
des i red organism from a group by com-
p l e t e l y e l i m i n a t i n g o r suppressing the
o the r members of the group. The major
t h r u s t on t h i s aspect o f q u a n t i t a t i v e
study of m i c r o f l o r a was begun in 1960,
and du r ing the l a s t 18 yea rs , a number
o f f a i r l y accurate media, easy to prepare,
have been developed to determine the
ac tua l number o f propagules in s o i l o f
such important r o o t - i n f e c t i n g fung i as
Pythium, Phytophthora, Fusar ium, Verti-
c i l l i u m , T h i e l a v i o p s i s , Macrophomina,
Phoma s p p . , Cephalosporium gramineum, and
Fomes annosus. The sub jec t has been
e x t e n s i v e l y reviewed by Tsao (1970). In
t h i s paper on l y legume pathogens are
cons ide red .
Principles and Materials
for Selective Media
S e l e c t i v i t y o f chemical i n h i b i t o r s and
s t i m u l a n t s in the main bas is f o r develop-
ing a s e l e c t i v e agar medium. In o ther
words, d i f f e r e n t i a l response o f m ic ro -
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organisms to t o x i c a n t s helps in choosing
I n h i b i t o r s f o r i n co rpo ra t i on in agar media.
I f t h i s t r a i t o f microorganisms i s f u r -
t h e r e x p l o i t e d , d i f f e r e n t i a l response t o
chemicals o f species and d i f f e r e n t s t ruc -
tu res of fung i w i t h i n a species can be
u t i l i z e d f o r f o r m u l a t i o n o f agar media
t h a t cou ld t e l l us which spec ies , in
what fo rm, is present in the s o i l in a 
p a r t i c u l a r env i ronment .
A s e l e c t i v e medium has two compo-
nen ts , the cho ice o f each o f which is
impor tant f o r best r e s u l t s . The f i r s t
is the basal medium, which should be
s u i t a b l e f o r prompt germina t ion o f r e s t -
ing spores or o the r propagules and f o r
growth of the pathogen. I f media such
as cornmeal agar are not being used, the
s y n t h e t i c medium must con ta in a l l the
i n g r e d i e n t s ( t r a c e e lements , v i t a m i n s ,
most s u i t a b l e sources of carbon and
n i t r ogen ) f o r best growth o f the fungus.
The medium should be compat ib le w i t h
i n h i b i t o r s and should not reac t w i t h
them to produce a s y n e r g i s t i c t o x i c
e f f e c t on the pathogen. I t should be
we l l de f ined and easy to p repare . Tes t -
ing o f severa l media in d i f f e r e n t combi-
na t ions w i t h i n h i b i t o r s i s t h e r e f o r e
necessary.
The second component of a s e l e c t i v e
medium is the i n h i b i t o r ( s ) . In the
s e l e c t i v e i s o l a t i o n o f f u n g i , th ree types
of i n h i b i t o r s are o f t e n used. Such
agents as rose benga l , o x g a l l , e t c . ,
main ly he lp i n r e s t r i c t i n g colony d i a -
meter t o f a c i l i t a t e i d e n t i f i c a t i o n and
c o u n t i n g , a l though many of them are tox i c ,
i n d i f f e r e n t s i t u a t i o n s , t o microorgan-
isms. The a n t i b a c t e r i a l agents are used
to suppress b a c t e r i a and ac t inomycetes ,
and a n t i f u n g a l agents are employed to
suppress unwanted groups of f u n g i . Obvi-
o u s l y , m i x tu re o f such w ide l y d i f f e r i n g
m a t e r i a l s in a s i n g l e s u b s t r a t e war ran ts
cau t i on in use to avo id erroneous resu l t s .
Among the i n h i b i t o r s , the main
agents are a n t i b i o t i c s such as p e n i c i l l i n
and vancomycin f o r Gram-pos i t i ve bacter ia
and s t rep tomyc in and polymyxin f o r
Gram-negative b a c t e r i a . Combinations o f
these two groups o f a n t i b a c t e r i a l a n t i -
b i o t i c s o r broad-spectrum a n t i b i o t i c s
such as chloramphenicol a re p r e f e r r e d .
Chemicals such as pentachloroni t robenzene
(PCNB) are o f t e n combined w i t h these
a n t i b i o t i c s to suppress act inomycetes
and s t i m u l a t e and d i f f e r e n t i a t e between
c e r t a i n f u n g i . Among a n t i f u n g a l a n t i -
b i o t i c s , polyene a n t i b i o t i c s ( p i m a r i c i n ,
endomycin, n y s t a t i n ) are most commonly
used. More r e c e n t l y , broad-spectrum
systemic f u n g i c i d e s , such as benzimida-
z o l e , th iophanate me thy l , and chloroneb
have been s u c c e s s f u l l y used f o r se lec t i ve
i s o l a t i o n o f c e r t a i n fung i ( F o l l i n 1971;
Meyer et a l . 1972, 1973; Papavizas and
Klag 1975; Peethambaran and Singh 1977,
1978; T i che laa r 1974) . 
To achieve success in develop ing a 
s e l e c t i v e medium f o r a g iven pathogen,
up - t o -da te knowledge o f p h y s i o l o g i c a l
t r a i t s and s p e c i f i c n u t r i e n t requirements
o f the fungus, knowledge o f t o x i c i t y
spectrum or exhaus t i ve spectrum t e s t s
o f the i n h i b i t o r y agents a t d i f f e r e n t
c o n c e n t r a t i o n s , t h e i r c o m p a t i b i l i t y w i t h
o the r i ng red ien t s o f the medium, use of
mycelium as we l l as r e s t i n g s t r u c t u r e s
i n the screen ing t e s t s , and, f i n a l l y ,
t e s t s w i t h d i f f e r e n t s o i l s , au toc laved
a r t i f i c i a l l y i n f e s t e d and then na tu ra l
s o i l , i s e s s e n t i a l .
Methods of Plating
The convent iona l d i l u t i o n p l a t e and s o i l
p l a t e techniques are both used f o r p l a t -
ing s o i l , depending upon the na tu re o f
the pathogen and the s tudy . The d i l u t i o n
p l a t e technique is q u i t e s u i t a b l e when
nonmycel ia l s t r u c t u r e s are to be enu-
merated. For myce l i a l s t r u c t u r e s , s o i l
p l a t e g ives best r e s u l t s . With P y t h i u m ,
b e t t e r r e s u l t s have been ob ta ined when
the medium is poured over the s o i l in
p l a t e s , w h i l e w i t h Fusar ium, b e t t e r
r e s u l t s are ob ta ined by p l a c i n g the sus-
pension o r the s o i l on the sur face o f
the s o l i d i f i e d medium. However, the
exact procedure f o r each medium and
organism should be determined be fo re the
technique is p e r f e c t e d , because oxygen
demand and a s s o c i a t i o n w i t h s o i l crumbs
may vary from species to spec ies .
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Limitations of Currently Used
Selective Media
One of the main advantages of s e l e c t i v e
media should be to p r e c i s e l y determine
the pr imary e t i o l o g i c a l agent o f the
disease in a complex b i o t i c environment.
I t is not necessary tha t on ly one patho-
gen be present in the s o i l around d i s -
eased roo ts or in the decaying r o o t s .
In complexes where two w i l t - i n d u c i n g
fungi are supposed to be i n v o l v e d , the
s e l e c t i v e media have been found very
h e l p f u l . The w i l t o f sugarcane is be-
l i eved to be caused by Cephalosporium 
sacchari ( r e c e n t l y redesignated as
Acremonium furcatum and A. terricola by
Singh et a l . (1975). However, Fusarium 
moniliforme is always i s o l a t e d from
w i l t e d canes. Thus, Singh and Singh
(1975) us ing a s e l e c t i v e medium developed
by Sharma and Singh (1973) f o r F. moni-
liforme t ha t does not permit growth of
Cephalosporium or Aoremonium, were able
to demonstrate the presence of Fusarium 
moniliforme in canes showing very e a r l y
symptoms o f w i l t , suggest ing i t s d e f i -
n i t e assoc i a t i on w i t h the d isease. Better
frequency o f appearance o f t h i s fungus
in i s o l a t i o n s made by Singh et a l . (1975)
and, more r e c e n t l y , proof of pathogeni -
c i t y ob ta ined by Singh (personal communi-
c a t i o n , 1978) support t h i s f i n d i n g .
Problems a r i s e when several species
or non-pathogenic forms of the same
species are present in the environment
from where d e t e c t i o n is to be made. The
presence of several forms of Fusarium in
the rh izosphere of a diseased p l a n t or
in the decaying or diseased roots is one
example. Most of the c u r r e n t l y used
s e l e c t i v e media f o r t h i s fungus f a i l t o
d i f f e r e n t i a t e between species and bet-
ween pathogenic and nonpathogenic forms,
al though c la ims to the con t ra ry have
been made (Komada 1976). Media commonly
used f o r s e l e c t i v e i s o l a t i o n of Fusarium 
(Nash and Snyder 1962; Papavizas 1967;
Singh and Nene 1965b; Singh and Chaube
1970) determine the number of propagules
of the fungus t ha t is most predominant,
but o the r species and nonpathogenic forms
of the same species a l so appear in the
s o i l p l a t e s . Standards based on growth
charac ters and p igmentat ion in pure c u l -
t u r e on the same medium are used to over-
come t h i s l i m i t a t i o n p a r t l y . Parmeter
and Hood (1961) had made an at tempt to
s e l e c t i v e l y i s o l a t e species o f Fusarium 
by i nco rpo ra t i ng c u l t u r e f i l t r a t e o f the
species in the medium, but in our studies
(Singh e t a l . 1975) the method f a i l e d to
s e l e c t i v e l y i s o l a t e the form species
c u l t u r e f i l t r a t e o f which was used in
the medium. Most of the s e l e c t i v e media
f o r p l an t pathogenic fung i have been
developed w i t h on ly one pathogenic spe-
c ies in v iew, e . g . , F. solani f . sp .
phaseo l i , F. oxysporum, Fusarium culmorum,
e t c . , by workers s tudy ing diseases caused
by them or i n t e r e s t e d in t h e i r eco logy.
There is ha rd ly any repor ted work in
which a l l pathogenic species or form
species of a fungal pathogen (Pythium,
Phytophthora or Fusarium) have been c o l -
l e c t i v e l y s tud ied f o r t h e i r pre ference
f o r carbon and n i t r ogen sources, vitamins
and t race e lements, and response to tem-
p e r a t u r e , pH, and t o x i c a n t s , so t h a t media
and procedures d i f f e r e n t i a l f o r each
species could be e a s i l y developed. Stray
repor ts do i n d i c a t e tha t such a study is
poss ib le and can be very u s e f u l . Rid ing
e t a l . (1969) had repor ted t h a t d i f f e r -
e n t i a t i o n between Pythium and Phytoph-
thora can be made in s o i l p l a t i n g s by
using th iamin in the medium. Lumsden et
a l . (1975) have i nd i ca ted t h a t d i f f e r -
e n t i a t i o n between species of Pythium is
poss ib le by means of s e l e c t i v e media and
d i f f e r e n t i a l temperature and pH responses
of the spec ies . S i m i l a r s tud ies may
help in i s o l a t i o n of species of Phytoph-
thora and Fusarium. Such problems do
not e x i s t in the case o f s c l e r o t i a l fung i ,
where d i f f e r e n c e in s i ze o f s c l e r o t i a
and use of proper s ieves f o r processing
the s o i l before p l a t i n g make the i s o l a -
t i o n o f species easy.
P lant pathogenic fung i usua l l y occur
in s o i l not in an a c t i v e s t a t e but as
dormant s t r u c t u r e s t ha t vary from the
mycelium in t h e i r response to t o x i c a n t s .
Most media f a i l to d i f f e r e n t i a t e between
these s t r u c t u r e s and hence the ac tua l
fo rm in which the pathogen is s u r v i v i n g
or is a c t i v e du r ing absence of the host
but under d i f f e r i n g c o n d i t i o n s o f the
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c u l t i v a t e d f i e l d i s not known. This
i n fo rma t i on i s important f o r l eng th o f
s u r v i v a l s tud ies t h a t he lp i n dec id ing
about length of r o t a t i o n and crops to
be inc luded in the r o t a t i o n . Manipu la-
t i o n s i n concen t ra t i on o f i n h i b i t o r s ,
increase in the pe r iod of s t u d y , and
use of d i f f e r e n t temperatures sometimes
help i n overcoming t h i s d i f f i c u l t y .
Most s e l e c t i v e media have been
tes ted f o r maximum recovery o f propa-
gules of the des i red pathogen. Very
l i t t l e i n fo rma t ion i s a v a i l a b l e o n
whether the recovery is p e r f e c t . Accord-
ing to our s tud ies w i t h Fusarium, none
of the media e f f e c t s 100% recovery of
propagules added to the s o i l .
Obv ious l y , more ex tens i ve and
organ ized s tud ies are needed to ove r -
come the above l i m i t a t i o n s . I t is not
imposs ib le , because each i n d i v i d u a l
v a r i e t y o r species o f pathogen and i t s
s t r u c t u r e s possess some d i f f e r e n t i a l
response to chemical and phys ica l e n v i -
ronments. I d e n t i f i c a t i o n o f these res -
ponses and t h e i r use is needed to f u r -
the r improve the s e l e c t i v e media. At
the moment, each medium developed by
d i f f e r e n t workers seems to have i t s
u t i l i t y f o r s p e c i f i c s o i l type and con-
d i t i o n s o f study under which i t was
t e s t e d . Use of more than one s e l e c t i v e
technique may t h e r e f o r e be adv i sab le to
o b t a i n b e t t e r r e s u l t s .
Selective Media
for Pathogens of Legumes
Pythium and Phytophthora 
Due to s e n s i t i v i t y to antagonism and
r e l a t i v e l y low popu la t ions i n s o i l ,
Pythium and Phytophthora are d i f f i c u l t
to i s o l a t e on common agar media. I so -
l a t i o n f rom s o i l and q u a n t i t a t i v e popu-
l a t i o n de te rm ina t i on o f Phytophthora 
had r e l i e d upon the use of s u s c e p t i b l e
host p l a n t s or f r u i t s as b a i t (Tsao 1960;
Waterhouse and Stamps 1969). In s o i l
p l a t i n g s f o r d i r e c t enumerat ion , e l i m i -
n a t i o n o r suppression o f general s o i l
m i c r o f l o r a on media is necessary to
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permi t recovery o f these fung i from s o i l
and to prevent the masking e f f e c t o f
f a s t - g r o w i n g s o i l m i c r o f l o r a . Singh and
M i t c h e l l (1961) were the f i r s t to develop
a s e l e c t i v e agar medium f o r q u a n t i t a t i v e
de te rm ina t i on of Pythium spp. in na tu ra l
s o i l s . They compared po ta to dext rose
agar , peptone dext rose rose bengal agar
(Mar t in 1950) and Ohio A g r i c u l t u r a l Ex-
per iment S t a t i o n agar (Schmit thenner and
Wi l l i ams 1958) w i t h and w i t h o u t d i f f e r e n t
concen t ra t i ons of PCNB ( t e r r a c l o r wet -
t a b l e powder, 75% a . i . ) or p i m a r i c i n
( o r i g i n a l p repa ra t i on f rom Leder le) f o r
s e l e c t i v e i s o l a t i o n and enumerat ion o f
Pythium ultimum f rom corn f i e l d s o i l in
Wiscons in . Maximum recovery of the
fungus was in peptone dext rose rose ben-
gal agar c o n t a i n i n g 10 to 20 ppm p i m a r i -
c i n . In a concur ren t but separate study,
Eckert and Tsao (1960, 1962) had found
p i m a r i c i n (100 ppm), p e n i c i l l i n (50 ppm)
and polymyxin (50 ppm) e f f e c t i v e in
s e l e c t i v e i s o l a t i o n o f Phytophthora spp.
f rom p l a n t t i s s u e s . However, the medium
was incapable of i s o l a t i n g Phytophthora 
f rom na tu ra l s o i l s because the h igh con-
c e n t r a t i o n o f p i m a r i c i n i s t o x i c t o
spores and most Phytophthora spp. e x i s t
in s o i l as r e s i s t a n t spores (Ocana and
Tsao 1965; Tsao 1969). E a r l i e r , Haas
(1964) had succeeded in recover ing P.
megasperma var sojae f rom s o i l by using
on ly 2 ppm p i m a r i c i n . In subsequent
s e l e c t i v e media f o r Phytophthora s p p . ,
the concen t ra t i on o f p i m a r i c i n in corn
meal agar was reduced to 10 ppm (Ocana
and Tsao 1966; Tsao and Ocana 1969). P i -
ma r i c i n and r e l a t e d a n t i b i o t i c s , n y s t a t i n
( M y c o s t a t i n ) , and endomycin, s t i l l con-
t i n u e to be the main i n h i b i t o r s in selec-
t i v e media f o r Pythium and Phytophthora 
(Burr 1973; Hendr ix and Kuhlman 1965;
Hine and Luna 1963; Holomon 1965; Flowers
and Hendr ix 1968, 1969; McCain 1967a;
M i r c e t i c h 1970a, 1970b; M i r c e t i c h and
K r a f t 1973; Kerr 1963; Ot ros ina and Marx
1975; Peethambaran and Singh 1978;
Scmit thenner 1962; Sneh 1972; S tanghe l -
l i n i and Hancock 1970; Vaar ta ja 1967,
1968; Vaar ta ja and Bumbier is 1964). P i -
mar i c i n s t i m u l a t e s act inomycetes (Tsao
and Th ie leke 1966). P e n t a c h l o r o n i t r o -
benzene is suppress ive f o r act inomycetes
as we l l as Rhizopus, it has been used
(100 to 1000 ppm) a lone or in combina-
t i o n w i t h polyene a n t i b i o t i c s f o r enu-
merat ion of Pythium and Phytophthora in
s o i l (Singh and M i t c h e l l 1961; Takahashi
and Ozaki 1965; Haas 1964; Hendr ix and
Kuhlman 1965; Tsao and Ocana 1969; McCain
1967; Flowers and Hendr ix 1969; Vaar ta ja
1967).
M i r c e t i c h and K r a f t (1973) made a 
comparat ive study of 15 s e l e c t i v e media
f o r i s o l a t i o n of Pythium and suggested
t h a t a f u l l component of minor e lements,
t h i am ine , and sucrose in D i fco cornmeal
agar is a b e t t e r basal medium than o t h e r
s y n t h e t i c and nonsyn the t i c basal media.
Tsao and Ocana (1969) had suggested corn-
meal agar con ta i n i ng 10 ppm p i m a r i c i n ,
200 ppm vancomycin (Vancoc in) , and 100
ppm PCNB f o r s e l e c t i v e enumeration of
Phytophthora spp. M i t c h e l l (1975) has
used t h i s medium w i t h 5 ppm p i m a r i c i n
and 300 ppm vancomycin hyd roch lo r i de f o r
s e l e c t i v e enumeration o f oospores o f
Pythium myriotylum. 
N o n a v a i l a b i l i t y o f p i m a r i c i n (Mypro-
z ine and Pimafucin) in Ind ia had prompted
Singh (1962) to s u b s t i t u t e i t w i t h eas i l y
a v a i l a b l e n y s t a t i n (Mycos ta t i n ) ; however,
t h i s f a i l e d to suppress Rhizopus, which
overgrew co lon ies of Pythium. N y s t a t i n
was found i n f e r i o r to p i m a r i c i n by
M i r c e t i c h and K ra f t (1973) a l s o . A com-
b i n a t i o n of Mycosta t in w i t h PCNB i s ,
however, f a i r l y s a t i s f a c t o r y (Pandey
1965).
In a more recent s tudy , Peethambaran
and Singh (1977, 1978) have s u c c e s s f u l l y
used benomyl (Benlate) to modify the
o r i g i n a l p i m a r i c i n medium of Singh and
M i t c h e l l (1961). The mod i f i ed medium
cons is ts of peptone dext rose agar (Martin
1950) w i t h 50 ppm rose benga l , 500 ppm
D i c r y s t i c i n , 20 ppm Ben la te , 1000 ppm
M y c o s t a t i n , and 500 ppm PCNB. This
gives as s a t i s f a c t o r y a r e s u l t f o r
Pythium as the p i m a r i c i n medium, i t a lso
s e l e c t i v e l y i s o l a t e s Phytophthora para-
sitica, P. palmivora, and P. co locas iae
from s o i l a r t i f i c i a l l y i n f e s t e d w i t h
diseased d e b r i s . Work is in progress
to a d j u s t the concen t ra t i on o f i nh i b i t o r s
f o r maximum recovery.
Fusarium
The genus Fusarium has drawn maximum
a t t e n t i o n from p lan t pa tho log i s t s because
of i t s economic Importance and the need
f o r an e f f e c t i v e means of q u a n t i t a t i v e
enumeration o f s o i l popu la t ions (Tsao
1970). The f i r s t semi s e l e c t i v e medium
f o r t h i s group appears to be t ha t o f
Snyder et a l . (1959) , who used s t r e p t o -
mycin, rose benga l , and sodium t a u r o -
cho la te in M a r t i n ' s peptone dext rose
agar f o r i s o l a t i o n of F. solani f . sp.
phaseoli. Since then , more than 15 media,
both s e l e c t i v e and s e m i s e l e c t i v e , have
been repor ted (Tsao 1970). The medium
of Snyder et a l . (1959) was mod i f i ed by
Wensley and McKeen (1962) , who added
500 ppm oxga l l f o r s e l e c t i v e i s o l a t i o n
of F. oxysporum, i n c l u d i n g F. oxysporum 
f. sp . melonis. Use of PCNB, non tox ic
to most species of Fusarium, was f i r s t
in t roduced by Nash and Snyder (1962) ,
who s u b s t i t u t e d sodium tau rocho la te or
oxga l l w i t h 750 ppm PCNB in a medium
c o n s i s t i n g of 15 g peptone, 1 g potassium
dihydrogen phosphate, 0.5 g magnesium
s u l f a t e , and 20 g agar /1 i t e r . This
medium, w i t h occas ional reduc t ion in the
concen t ra t i on of PCNB, cont inues to be the
most w ide ly used f o r s e l e c t i v e i s o l a t i o n
of Fusarium spp. from s o i l . Kerr (1963)
developed a basal medium con ta in ing
sodium n i t r a t e , potassium phosphate,
potassium c h l o r i d e , magnesium s u l f a t e ,
sucrose, and yeast e x t r a c t f o r spore
produc t ion of Fusarium in shake c u l t u r e s
and used the same medium w i t h 100 ppm
PCNB, 50 ppm s t rep tomyc in and 60 ppm
rose bengal f o r s e l e c t i v e i s o l a t i o n o f
F. solani f. pisi and F. oxysporum f.
pisi. A d d i t i o n of phy toac t i n (10 ppm)
to t h i s medium was cla imed to reduce the
number of Fusarium co lon ies o the r than
F. roseum (Stoner and Cook 1967). Smith
and Snyder (1975) have suggested t h a t
h y d r o l y s i s of agar and peptone in the
peptone-PCNB medium can be prevented by
a u t o c l a v i n g on l y water and 2% agar t o -
ge ther . The o the r i n g r e d i e n t s , peptone,
s a l t s , and i n h i b i t o r s are added to the
water agar s h o r t l y a f t e r I t i s removed
from the au toc lave ( temperature about
90°C). P la tes are poured at 60 C, a f t e r
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which they are he ld f o r 5 to 6 days and
then the s o i l is p l a t e d . Abawi and
Lorbeer (1971) have used M a r t i n ' s pep-
tone dext rose agar w i t h 2 ppm c h l o r t e t r a -
c y c l i n e HCL, 1 ppm t h i r a m , 100 ppm Dexon
and 100 ppm PCNB f o r s e l e c t i v e i s o l a t i o n
of F. oxysporum f . sp. capae f rom organic
s o i l s .
Media mainly based on p r e f e r e n t i a l
u t i l i z a t i o n of carbon sources by Fusarium 
spp. have a l so been repo r ted . Park
(1963) , Komada (1976) , and Vaar ta ja
(1967) used 1 to 2% g l a c t o s e , and Bouhot
and B i l l o t t e (1964) used 0.5 to 2% inu l in
f o r s e l e c t i v e enhancement of Fusarium 
spp. in the medium. Ethanol (Messiaen
e t a l . 1961), potassium m e t a b i s u l p h i t e
(Park 1963; Vaar ta ja 1967), sodium azide
(Denis e t a l . 1966) and the s u r f a c t a n t
T e r g i t o l , TMN (Banihashemi and deZeeuw
1969, 1973, 1975) have been used as other
i n h i b i t o r s .
Singh and Nene (1965a, 1965b) modi-
f i e d the Czapek-Dox agar medium by
i n c o r p o r a t i n g 0.75 g / l i t e r D i c r y s t i c i n
(m ix tu re of s t rep tomyc in and proca ine
and sodium p e n i c i l l i n G) , 50 mg/l mala-
c h i t e g reen , and 100 mg/l captan f o r
e x c l u s i v e i s o l a t i o n o f hyphal fragments
of Fusarium spp. from p lan t t i ssues and
na tu ra l s o i l . The medium was h i g h l y
t o x i c to con id i a (Singh and Nene 1965b;
Papavizas 1967). Because t h i s fungus
main ly e x i s t s as spores in s o i l f r ee
from s t i m u l a t o r y e f f e c t s o f host roo ts
or o the r s u b s t r a t e s , the recovery o f
co lon ies on the ma lach i te green medium
is f a r less than t ha t on the peptone-
PCNB medium of Nash and Snyder (1962).
The same medium (Singh and Nene 1965a,
1965b) was l a t e r mod i f i ed by Malalasekera
and Colhoun (1969) to con ta in on ly 6.25
ppm ma lach i te green and 3.12 ppm captan
t o e l i m i n a t e i t s t o x i c i t y t o spores o f
F. culmorum (F. roseum 'Cu lmorum') .
Papavizas (1967) compared many cf
the above media and suggested t ha t use
of 100 ppm PCNB, 1000 ppm o x g a l l , 100
ppm s t r e p t o m y c i n , and 50 ppm c h l o r t e t r a -
c y c l i n e (aureomycin) gave as good resu l ts
f o r n ine formae spec ia les of F. oxysporum 
and F. solani as the medium of Nash and
Snyder (1962) and was b e t t e r than o the r
media t e s t e d . Roberts and K r a f t (1973)
a lso compared 2k media and repor ted
peptone-PCNB agar bes t . Komada (1976)
has used a basal medium c o n s i s t i n g of
potassium phosphate, potassium c h l o r i d e ,
magnesium s u l f a t e , Fe-Na-EDTA, D-galac-
tose , and L-asparag ine, w i t h D i f co Bacto-
agar . He used PCNB (750 ppm), Na2B4 ° 7 .
10 H2O (1000 ppm), o x g a l l (500 ppm) and
s t rep tomyc in s u l f a t e (300 ppm) as i n h i -
b i t o r s . These were added a f t e r au to -
c l a v i n g the basal medium and a d j u s t i n g
the pH of the medium to 3.8 to 4.0 w i t h
10% phosphor ic a c i d .
Singh (1975) cont inued s tud ies on
the ma lach i te green medium w i t h a view
to us ing i t as a d i f f e r e n t i a l medium f o r
e s t i m a t i n g hyphal growth and s p o r u l a t i o n
of Fusarium spp. in the s o i l ( i n con-
j u n c t i o n w i t h the peptone-PCNB medium.)
He mod i f i ed the medium by reducing
the concen t ra t i on o f ma lach i te green to
15 to 20 ppm. By using s o i l i n f e s t e d
w i t h con id i a and hyphae separa te l y and
by washing i n f es ted s o i l to remove
c o n i d i a , Singh and Chaube (1970) and
Singh e t a l . (1975) observed t h a t the
malach i te green medium is capable of
enumerat ing hyphal propagules b e t t e r
than the peptone-PCNB medium. By us ing
s o i l d i l u t i o n s i n p l a i n wa te r , ins tead
of water agar as suggested by Nash and
Snyder and by not a g i t a t i n g the s o i l
suspension du r ing d i l u t i o n s , they ob-
served t ha t in a 1:1000 s e r i a l d i l u t i o n ,
the suspension was f r e e from hyphal f r a g -
ments. Thus, when t h i s d i l u t i o n was
p la ted on peptone-PCNB medium, the c o l o -
nies recovered represented those o r i g i -
na t i ng from con id ia or f r e e chlamydo-
spores. In popu la t i on s tud ies of Fusarium 
f rom s o i l under d i f f e r e n t chemical and
phys ica l t reatments and in rh izosphere
s t u d i e s , the two media and procedures
have been used w i t h success (Chaube 1975;
Chaube and Singh 1969; Joshi et a l . 1975;
Khanna and Singh 1974, 1975; Singh and
Singh 1970; Singh and Singh 1970; Singh
and Chaube 1975; Singh and Khanna 1977).
In an a t tempt to d i f f e r e n t i a t e F.
moniliforme f rom other Fusarium spp. in
s o i l p l a t e s us ing the ma lach i te green
medium, Sharma and Singh (1973) s t u d i e d
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colony c h a r a c t e r s , i n c l u d i n g pigmentation
of F. moniliforme, F. s o l a n i , F. vasin-
fectum ( co t t on and okra i s o l a t e s ) , F.
oxysporum f. betae, F. oxysporum f.
lentis, and some u n i d e n t i f i e d i s o l a t e s
of Fusarium f rom wheat and sunnhemp on
a mod i f i ed ma lach i te green medium. They
were ab le to q u a n t i t a t i v e l y determine
the popu la t ions of F. moniliforme in soi l
on the basis of na ture of growth and
pigmentat ion of the colony and the sub-
s t r a t e . The mod i f ied medium conta ined
500 ppm PCNB in place of captan and on ly
25 ppm malach i te green. Yeast e x t r a c t
(0.2%) was added as energy source and
f o r c h a r a c t e r i s t i c p igmenta t ion .
Macrophomina phaseolina 
(Rhizoctonia bataticola)
Two s e l e c t i v e media and procedures have
recen t l y been descr ibed fo r s e l e c t i v e
q u a n t i t a t i v e de te rm ina t ion o f t h i s fungus
from s o i l . These are an advancement
over the procedure descr ibed by McCain
and Smith (1972) , who had used processed
s o i l t o concent ra te s c l e r o t i a f o r p la t ing
on pota to dextrose agar con ta i n i ng st rep-
tomycin and sodium h y p o c h l o r i t e .
1. Meyer et a l . (1972, 1973) des-
c r i bed the f o l l o w i n g two r i c e agar media
f o r d i r e c t p l a t i n g o f s o i l and enumera-
t i o n o f myce l ia l and s c l e r o t i a l popula-
t i ons of Rhizoctonia bataticola: 
a. Rice agar—prepared by b o i l i n g
10 g po l i shed r i c e in a l i t e r of
water f o r 5 m inu tes , f i l t e r i n g
through cheese c l o t h , and adding
20 g Di fco agar to the f i l t r a t e
before a u t o c l a v i n g — i s amended
w i t h 150 ppm chloroneb (Demosan
65 WP) a . i . , 25 ppm ac tua l mer-
cury as methoxyethyl mercury
c h l o r i d e , 40 ppm s t rep tomyc in
s u l f a t e , and 60 ppm potassium
p e n i c i l l i n .
b. Rice agar , prepared as above, is
amended w i t h 300 ppm chloroneb
and 7 ppm mercury as methoxyethyl
mercury c h l o r i d e ; 90 ppm rose
bengal is a l so added.
Both media are h i g h l y s e l e c t i v e , g i v i n g
about 100% recovery . The p la tes are
incubated in the dark at 30°C f o r 7 days.
2. Papavizas and Klag (1975) have
repor ted a procedure and s e l e c t i v e medium
f o r q u a n t i t a t i v e de te rm ina t ion o f i no -
culum dens i t y of Macrophomina phaseoli. 
A 10 g s o i l sample is blended f o r 5 
seconds and passed through 177 μm and
then 44 µm mesh s ieves . Residue retained
on the 44 µm mesh s ieve is washed in tap
water f o r 1 minute and exposed to 100 ml
of 0.25% NaC10 s o l u t i o n f o r 8 minutes.
A f t e r washing in water f o r 1 m inu te ,
aga in , the ma te r i a l is resuspended,
washed on 44 µm s i e v e , and blended in
100 ml water . One ml is p i p e t t e d onto
p la tes con ta i n i ng 2 -day -o ld medium con-
s i s t i n g o f commercial po ta to dex t rose
agar, 25 mg/l c h l o r t e t r a c y c l i n e hydro-
c h l o r i d e , 100 mg/l s t rep tomyc in s u l f a t e ,
50 mg/l Dexon, 2000 mg/l o x g a l l , and
100 mg/l PCNB. The l a s t i ng red ien t can
be replaced w i t h 150 mg/l rose bengal
a f t e r reducing concen t ra t i on o f oxga l l
to 1500 m g / l . The p l a t e s are incubated
at 30°C in the dark .
Rhizoctonia solani 
In s p i t e of advances in development of
s e l e c t i v e media, R. solani cont inues to
be d i f f i c u l t to i s o l a t e from na tu ra l
s o i l f o r accura te q u a n t i t a t i v e d e t e r m i -
n a t i o n s . A number of sem ise lec t i ve media
using a n t i b a c t e r i a l agents have been
repor ted by Boosal is and Scharen (1959) ,
Papavizas and Davey (1959, 1962), M a r t i n -
son and Baker (1962) , and Sneh et a l .
(1966) . Ko and Hora (1971) have described
a s e l e c t i v e medium f o r de termin ing popu-
l a t i o n s of R. solani in s o i l . I t con-
s i s t s of per l i t e r water 1 g K2HPO4,
0.5 g MgSO4.7H2O, 0.5 g KCl , 10 mg FeSO4,
0.2 g NaNO2, 0.4 g g a l l i c a c i d , 90 mg
dexon, 50 mg ch lo ramphen ico l , 50 mg
s t rep tomyc in s u l f a t e and 20 g agar. One
g n a t u r a l l y i n f es ted s o i l is spread
evenly in 10 clumps on the medium and
m i c r o s c o p i c a l l y examined a f t e r 24 to 48
hours. We have t r i e d to use t h i s medium
but w i t h l i t t l e success, perhaps because
of d i f f e r e n c e s in races t h a t respond
d i f f e r e n t l y t o t o x i c chemica ls .
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Sclerotium rolfsii 
This has not been considered a fungus
tha t needs much e f f o r t to i s o l a t e on
r o u t i n e media from p l a n t t i s s u e s . Quan-
t i t a t i v e de te rm ina t i on o f i t s inoculum
dens i t y i n s o i l i s a l so not d i f f i c u l t
because o f the s i z e o f i t s s c l e r o t i a ,
which are the on l y s u r v i v a l s t r u c t u r e s .
These s c l e r o t i a germinate in s o i l under
s u i t a b l e environments and, due to m i c r o -
b i a l a c t i o n , produce replacement s c l e -
r o t i a q u i c k l y w h i l e the hyphae are l ys ing .
This t r a i t o f the fungus is an advantage
i n e s t i m a t i o n , a s i t i s poss ib le t o
separate s c l e r o t i a from s o i l , e i t h e r by
s i e v i n g (Leach and Davey 1939) or by
f l o t a t i o n - s i e v i n g (Rodriguez-Kabana e t
a l . 1973) and then determine t h e i r number
in s o i l . B a i t i n g methods have been used
to es t ima te the number o f v i a b l e s c l e -
r o t i a (Avizohar-Hershenzon and Shacked
1968; Pal and Singh 1973).
Backman and Rodriguez-Kabana (1972)
had repor ted a basal s a l t agar medium
w i t h 30 g/l g lucose , 130 mg/l g a l l i c
ac id and an oxa la te (0.54 M, pH 4 .2)
s e l e c t i v e f o r the fungus w i t h few con-
taminants in the form of Aspergillus and
Penicillium spp. in s o i l p l a t e s . L a t e r ,
Backman and Rodriguez-Kabana (1976) de-
sc r i bed a procedure f o r i s o l a t i o n o f the
fungus. The f o l l o w i n g s e l e c t i v e medium
was used by them f o r i s o l a t i o n s from
organ ic d e b r i s :
1. Potassium dihydrogen phosphate
1.0 g, magnesium s u l f a t e 0.5 g,
potassium n i t r a t e 2.0 g , th iamine
HCl 1.0 mg, minor element s o l u -
t i o n 10.0 m l , g a l l i c a c i d 160 mg,
potassium o x a l a t e 10 g in 250 ml
wate r . The minera l element
s o l u t i o n con ta ins f e r rous and
z inc s u l f a t e 1 g each and manga-
nese s u l f a t e 0.6 g in 1000 ml
wate r .
2. Agar 20 g in 750 ml d i s t i l l e d
wa te r , s t e a m - s t e r i l i z e d f o r 15
minutes at 121°C and cooled to
60°C.
3. Combine (1) w i t h (2) and pour
p l a tes immediate ly .
The above medium works w e l l w i t h
small debr i s p a r t i c l e s . When la rge
p a r t i c l e s are p l a t e d , Rhizopus overgrows
the growth of Salerotium. Obv ious ly ,
the medium is not h i g h l y s e l e c t i v e , and
i f t he re i s d i r e c t s o i l p l a t i n g i t may
not work w e l l . However, i t cou ld be
combined w i t h s i e v i n g / f l o t a t i o n techniques
(Rodriguez-Kabana e t a l . 1973, 1974) to
p l a t e s c l e r o t i a and determine the v i a b l e
number per g s o i l w i t hou t i n t e r f e r e n c e
by microorganisms present on s c l e r o t i a l
su r f aces .
Several s i m i l a r procedures have been
descr ibed f o r Salerotium oryzae (Krause
and Webster 1972) and S. cepivorum
(McCain 1967a; Papavizas 1972).
Trends in Uses of Se lec t ive M e d i a
The l i t e r a t u r e a v a i l a b l e on popu la t i on
s tud ies o f pathogenic fung i i s f u l l o f
references showing the v a r i e d uses to
which s e l e c t i v e media have been p u t .
Besides being used in de te rmin ing the p r i -
mary e t i o l o g i c a l cause of d i sease , se lec -
t i v e media have been used f o r survey ing
s o i l s i n geographic reg ions f o r r e l a t i v e
abundance o f pathogens, f o r de te rmin ing
the e f f e c t or o rgan ic amendments (Khanna
and Singh 1974, 1975; Pandey 1965; Singh
and Chaube 1975; Singh and Khanna 1977;
Singh and Singh 1970), and f o r chemical
t reatments of s o i l and seed (Chaube 1975,
1978; Singh and Singh 1970; Singh and
Nene 1965b, and Singh et a l . 1971). They
have a lso been used f o r seed h e a l t h t e s t -
ing to de tec t i n t e r n a l l y seed-borne
pathogens t h a t norma l l y escape d e t e c t i o n
(Agarwal and Singh 1974; Sharma and Singh
1973). So i l t reatments a f f e c t pathogens
d i f f e r e n t l y i n the r o o t - f r e e s o i l and in
the rh i zosphere ; the use o f s e l e c t i v e
media has helped in such s tud ies (Chaube
1978; Khanna and Singh 1974, 1975; Singh
and Khanna 1977).
References
ABAWI, G.S. , and L0RBEER, J.W. 1971.
82
Popula t ion of Fusarium oxysporum f.
sp. cepae in o rgan ic s o i l s of New
York. Phytopathology 6 1 : 1042-1047.
AGARWAL, V .K . , and SINGH, O.V. 1974.
Routine t e s t i n g o f crop seeds f o r
Fusarium moniliforme w i t h a s e l e c t i v e
medium. Seed Research 2: 19-22.
AVIZOHAR-HERSHENZON, Z . , and SHACKED, P.
1968. A b a i t i n g method f o r est imat ing
the saprophy t i c a c t i v i t y o f Solerotium 
rolfsii in s o i l . Phytopathology 58:
410-413.
BACKMAN, P .H . , and RODRIGUEZ-KABANA, R.
1972. Development of a s e l e c t i v e
medium f o r i s o l a t i o n of Salerotium 
rolfsii. Phytopathology 62 : 744-745.
BACKMAN, P.H. , and RODRIGUEZ-KABANA, R.
1976. Development of a medium f o r
the s e l e c t i v e i s o l a t i o n o f Solerotium 
rolfsii. Phytopathology 66 : 234-236.
BANIHASHEMI, Z . , and deZEEUW, D.J. 1969.
Two improved methods f o r s e l e c t i v e l y
i s o l a t i n g Fusarium oxysporum from
s o i l and p l a n t r o o t s . P lant Disease
Reporter 53: 589-591.
BANIHASHEMI, Z . , and deZEEUW, D.J. 1973.
Saprophyt ic a c t i v i t i e s o f Fusarium 
oxysporum f . sp . melonis in s o i l .
Transact ions o f the B r i t i s h Mycological
Soc ie ty 60 : 205-210.
BANIHASHEMI, Z . , and deZEEUW, D.J. 1975.
The behavior of Fusarium oxysporum 
f. sp. melonis in the presence and
absence of host p l a n t s . Phytopa-
tho logy 65 : 1212-1217.
BANIHASHEMI, Z . , and MITCHELL, J .E .
1975. Use of s a f f l o w e r seedl ings f o r
the de tec t i on and i s o l a t i o n o f
Phytophthora cactorum f rom s o i l and
i t s a p p l i c a t i o n t o popu la t i on s tud ies .
Phytopathology 65: 1424-1430.
BOOSALIS, M.G., and SCHAREN, A.L. 1959.
Methods f o r microscop ic de tec t i on
of Aphanomyces euteiches and Rhizoc-
tonia 8olani and f o r i s o l a t i o n of
Rhizoctonia solani assoc ia ted w i t h
p lan t d e b r i s . Phytopathology 49 :
192-198.
BOUHOT, D., and BILL0TTE, J.M. 1964.
Researches on the ecology of para-
s i t i c fung i i n s o i l . I I . Search f o r
a medium f o r s e l e c t i v e i s o l a t i o n of
Fusarium oxysporum and Fusarium solani. 
Annales De Phytopatho log ie 15: 45-56.
French. (Eng l i sh summary).
BURR, T . J . 1973. A s e l e c t i v e medium
f o r the i s o l a t i o n of Pythium aphanider-
matum f rom f i e l d s o i l . Phytopathology
63: 1215 (Abs t r . ) . -
BUTLER, E.E. , and HINE. R.B. 1958. Use
o f novobioc in f o r i s o l a t i o n o f fung i
from s o i l . So i l Science 85: 250-254.
CHAUBE, H.S. 1975. E f f ec t of minera l
n u t r i e n t s and t r ace elements on s o i l
popu la t ions of Fusarium spp. G.B.
Pant U n i v e r s i t y of A g r i c u l t u r e and
Technology Experiment S t a t i o n Research
B u l l e t i n 7 : 6 0 - 6 1 .
CHAUBE, H.S. 1978. E f f e c t of chemical
seed t reatments on rh izosphere m ic ro -
f l o r a of maize and wheat. Ph.D.
t h e s i s . G.B. Pant U n i v e r s i t y of
A g r i c u l t u r e and Technology, Pantnagar,
I n d i a .
CHAUBE, H.S. , and SINGH, R.S. 1969.
Re la t i ve abundance of hyphal and
c o n i d i a l propagules of Fusarium in
rh izosphere and nonrhizosphere s o i l .
Ind ian Phytopathology 22 : 273-275.
COLLINS, C.H. 1967. M i c r o b i o l o g i c a l
Methods. New York: Plenum 404 pp.
DENIS, S . J . , SNODGRASS, C . J . , K0BURGER,
J .A . , and ELLIOTT, E.S. 1966. An
az ide - rose bengal medium f o r the i s o -
l a t i o n of Fusarium species from red
c love r r o o t s . Phytopathology 56:
584 ( A b s t r . ) .
DURBIN, R.D. 1961. Techniques f o r the
observa t ion and i s o l a t i o n o f s o i l
microorganisms. Botan ica l Review
27: 522-560.
ECKERT, J.W., and TSAO, P.H. 1960. A 
p r e l i m i n a r y repor t on the use o f p i -
mar i c in in the i s o l a t i o n of Phytoph-
thora spp. from root t i s s u e s . P lant
Disease Reporter 44 : 660-661.
ECKERT, J.W., and TSA0, P.H. 1962. A 
s e l e c t i v e medium f o r i s o l a t i o n o f
83
Phytophthora and Pythium f rom p l a n t
r o o t s . Phytopathology 52: 771-777.
ECKERT, J.W., TSAO, P.H. , KLOTZ, L.V. ,
and JONES, K.B. 1961. Use of p imar i -
c i n , p e n i c i l l i n and polymyxin i n i s o -
l a t i n g Phytophthora spp. f rom p lan t
t i s s u e s . Phytopathology 5 1 ; 64-65
( A b s t r . ) .
FLOWERS, R.A.,and HENDRIX, J.W. 1968.
A s e l e c t i v e medium f o r i s o l a t i o n o f
Phytophthora parasitica var. nicotianae 
f rom s o i l . Phytopathology 58 : 728
( A b s t r . ) .
FLOWERS, R.A., and HENDRIX, J.W. 1969.
G a l l i c a c i d in a procedure f o r i s o -
l a t i o n of Phytophthora parasitica var.
nicotianae and Pythium spp. f rom s o i l .
Phytopathology 59: 725-731.
FLOWERS, R.A., and LITTRELL, R.H. 1972.
Oospore germina t ion of Pythium aphani-
dermatum as a f f e c t e d by c a s e i n ,
g a l l i c a c i d and pH of s e l e c t i v e agar
medium. Phytopathology 62: 757.
FOLLIN, J.C. 1971. The use of benomyl
i n s e l e c t i v e i s o l a t i o n o f Pyth iaceae.
Cotton e t f i b r e s t r o p i c a l e s 26 : 467.
GOLDBERG, H.S. 1959. A n t i b i o t i c s in
the i s o l a t i o n o f c u l t i v a t i o n o f micro-
organisms. Pages 523-560 in A n t i -
b i o t i c s , t h e i r chemis t ry and nonmedi-
cal uses, ed. H.S. Goldberg. P r i n c e -
t o n : Van Nostrand 608 pp.
GRIMM, G.R., and ALEXANDER, A.F . 1973.
C i t r u s l e a f pieces as t raps f o r
Phytophthora parasitica f rom s o i l
s l u r r i e s . Phytopathology 63 : 540-541.
HAAS, J .H . 1964. I s o l a t i o n of Phytoph-
thora megasperma va r . sojae in s o i l
d i l u t i o n p l a t e s . Phytopathology 54 :
638 ( A b s t r . ) .
HENDRIX, F . F . , and KUHLMAN, E.G. 1965.
Factors a f f e c t i n g d i r e c t recovery o f
Phytophthora cinnamomi f rom s o i l .
Phytopathology 55: 1183-1187.
HINE, R.B. 1962. E f f e c t of p i m a r i c i n
and s t rep tomyc in on growth and r e s p i -
r a t i o n of Pythium spec ies . Mycologia
54 : 640-646.
technique f o r i s o l a t i n g Pythium 
aphanidermatum f rom s o i l . Phyto-
pathology 53 : 727-728.
HOLLOMON, D.W. 1965. A medium f o r the
d i r e c t i s o l a t i o n o f Phytophthora 
infestans. P lant Pathology 14: 34-35.
JOHNSON, L.F. 1957. E f f e c t of a n t i -
b i o t i c s on the numbers of b a c t e r i a
and fung i i s o l a t e d from s o i l by the
d i l u t i o n p l a t e method. Phytopathology
47 : 630-631 .
JOSHI, M.M., CHAUBE, H.S. , and SINGH, R.S.
1975. E f f e c t of s o i l m o i s t u r e , pH
and temperature on recovery of
Fusarium on the two s e l e c t i v e media.
G.B. Pant U n i v e r s i t y of A g r i c u l t u r e
and Technology Experiment S t a t i o n
Research B u l l e t i n 7: 62-67.
KERR, A. 1963. The root ro t -Fusar ium
w i l t complex o f peas. A u s t r a l i a n
Journal o f B i o l o g i c a l Sciences 16:
55-69.
KHANNA, R.N., and SINGH, R.S. 1974.
Rhizosphere popu la t ions of Fusarium 
in amended s o i l . Ind ian Phytopathology
27 : 331-339.
KHANNA, R.N., and SINGH, R.S. 1975.
Mic rob ia l popu la t ions o f pigeonpea
rh izosphere in amended s o i l s . Ind ian
Journal of Mycology and P lant Patho lo-
gy 5: 131-138.
KLEMMER, H.W., and NAKANO, R.Y. 1962.
Techniques in i s o l a t i o n o f Pythiaceous
fung i from s o i l and diseased p i n e -
apple t i s s u e . Phytopathology 52 : 955-
956.
KLOTZ, L . J . , and DeWOLFE, T.A. 1959.
Techniques f o r i s o l a t i n g Phytophthora 
spp. which a t t a c k c i t r u s . P lant
Disease Reporter 42 : 675-676.
KO, W.H. , and HORA, F.K. 1971. A s e l e c -
t i v e medium f o r de te rm in ing popu la t ions
of Rhizoctonia solani in s o i l . Phyto-
patho logy 6 1 : 899 ( A b s t r . ) .
KOMADA, H. 1976. A new s e l e c t i v e medium
f o r i s o l a t i n g Fusarium f rom n a t u ra l
s o i l . Phytopathology Proceedings 3 :
221 ( A b s t r . ) .
HINE, R.B., and LUNA, L.V. 1963. A KRAUSE, R.A., and WEBSTER, R.K. 1972.
84
S c l e r o t l a l p r o d u c t i o n , v i a b i l i t y
de te rm ina t ion and q u a n t i t a t i v e r e -
covery of Salerotium oryzae from s o i l .
Mycologla 64: 1333-1337.
KUHLMAN, E.G., and HENDRIX, F.F. J r .
1965. D i rec t recovery of Phytoph-
thora oinnamomi f rom f i e l d s o i l .
Phytopathology 55: 500.
LEACH, L .D. , and DAVEY, A.E. 1938.
Determinat ion o f the s c l e r o t i a l popu-
l a t i o n of Salerotium rolfsii by s o i l
a n a l y s i s and p r e d i c t i n g losses of
sugarbeet on the basis of the ana ly -
s i s . Journal o f A g r i c u l t u r a l Research
56: 619-632.
LUMSDEN, R.D., AYERS, W.A., and DOW, R.L.
1975. D i f f e r e n t i a l i s o l a t i o n o f
P y t h i u m species from s o i l by means
of s e l e c t i v e medium, temperature and
pH. Canadian Journal of M ic rob io logy
2 1 : 606-612.
MACHACEK, J .E. 1934. A s imple method
of o b t a i n i n g Pythium c u l t u r e s f r e e
from b a c t e r i a . Phytopathology 24:
301-303.
MALALESEKERA, R.A.P., and C0LH0UN, J.
1969. Fusarium diseases of ce rea l s .
V. A technique f o r the examinat ion of
wheat seed i n f e c t e d w i t h Fusarium 
colmorum. Transact ions of the
B r i t i s h Mycological Soc ie ty 52 : 187-
193.
MARKS, G.C., and MITCHELL, J .E. 1970.
Detec t i on , i s o l a t i o n and pa thogen i c i t y
of Phytophthora megasperma from s o i l s
and e s t i m a t i o n o f inoculum l e v e l s .
Phytopathology 60: 1687-1690.
MARTIN, J.P. 1950. Use of a c i d , rose
bengal and s t rep tomyc in in the p l a t e
method o f e s t i m a t i n g s o i l f u n g i .
S o i l Science 69: 215-232.
MARTINSON, C., and BAKER, R. 1962. I n -
c reas ing r e l a t i v e frequency o f spec i -
f i c fungus i s o l a t i o n w i t h s o i l m ic ro -
b i o l o g i c a l sampling tubes. Phyto-
pathology 52 : 619-621.
McCAIN, A.H. 1967a. Germinat ion of
Phytophthora cinnamomi chlamydospores.
Phytopathology 57: 100 ( A b s t r . ) .
McCAIN, A.H. 1967b. Q u a n t i t a t i v e r e -
covery of s c l e r o t i a o f Salerotium 
capivorum from f i e l d s o i l . Phyto-
pathology 57: 1007.
McCAIN, A . H . , and SMITH, R.S. 1972.
Q u a n t i t a t i v e assay of Macrophomina 
phaseoli from s o i l . Phytopathology
62 : 1098.
McCAIN, A . H . , HOLTZMANN, O.V. , and
TRUJILL0, E.E. 1967. Concent ra t ion
of Phytophthora chlamydospores by
s o i l s i e v i n g . Phytopathology 57 : 1134-
1135.
MEREDITH, C.H. 1940. A qu ick method of
i s o l a t i n g c e r t a i n Phycomycetous fung i
from the s o i l . Phytopathology 30:
1055-1056.
MENZIES, J .D. 1963. The d i r e c t assay of
p lan t pathogen popu la t ions in s o i l .
Annual Review of Phytopathology 1:
127-142.
MESSIAEN, C.M., VENDRAN, H.,and FAUVEL, C.
1961. Ana lys is o f c u l t i v a t e d s o i l s
f o r p a r a s i t e s . Detect ion o f Fusarium 
oxysporum f. sp. melonis. Annales
de l ' l n s t i t u t Pasteur de L i l l e 101 :
21-27. (French) .
MEYER, W.A., SINCLAIR, J . B . , and KHARE,
M.N. 1972. Q u a n t i t a t i v e i s o l a t i o n
of Macrophomina phaseoli (Rhizocton ia
bataticola) from s o i l using s e l e c t i v e
medium. Phytopathology 62 : 1108-1109.
MEYER, W.A., SINCLAIR, J . B . , and KHARE,
M.N. 1973. B io logy of Maorophomina 
phaseoli in s o i l s tud ied w i t h se lec -
t i v e media. Phytopathology 63: 613-
620.
MIRCETICH, S.M. 1970a. The r o l e of
Pythium in feeder roots of diseased
and symptomless peach t rees and in
orchard s o i l s in peach t r e e d e c l i n e .
Phytopathology 60: 357-360.
MIRCETICH, S.M. 1970b. I n h i b i t i o n of
germinat ion o f chlamydospores o f
Phytophthora cinnamomi by some a n t i -
m ic rob ia l agents in Phytophthora 
s e l e c t i v e media. Canadian Journal o f
M ic rob io logy 16: 1227-1230.
MIRCETICH, S .M. , and F0GLE, H.W. 1969.
85
Role of Pythium in damping o f f o f
peach. Phytopathology 59 : 356-358.
MIRCETICH, S.M. , and KRAFT, J.M. 1973.
E f f i c i e n c y o f var ious s e l e c t i v e media
in de te rmin ing Pythium popu la t ions in
s o i l . Mycopathologia e t Mycologia
a p p l i c a t a 50 : 151-161.
MITCHELL, D.J. 1975. Densi ty of Pythium 
myriotylum oospores in s o i l in r e l a -
t l o n t o i n f e c t i o n o f r ye . Phytopa-
tho logy 65 : 570-575.
NASH, S .M. , and SNYDER, W.C. 1962.
Q u a n t i t a t i v e e s t i m a t i o n by p l a t e
counts of propagules of the bean
root r o t Fusarium i n f i e l d s o i l s .
Phytopathology 52 : 567-572.
NASH, S.M. , CHRISTAU, T . , and SNYDER,
W.C. 1961. Ex is tence of Fusarium 
solani f. phaseoli as chlamydospores
i n s o i l . Phytopathology 5 1 : 308-312.
OCANA, G., and TSAO, P.H. 1965. O r i g i n
of co lon ies of Phytophthora parasitica 
i n s e l e c t i v e p i m a r i c i n media in s o i l
d i l u t i o n p l a t e s . Phytopathology 55:
1070.
OCANA, G., and TSAO, P.H. 1966. A 
s e l e c t i v e agar medium f o r the d i r e c t
i s o l a t i o n and enumerat ion of Phytoph-
thora in s o i l . Phytopathology 56 :
893.
OTROSINA, W . J . , and MARX, D.H. 1975.
Popula t ions of Phytophthora cinnamomi
and Pythium spp. under s h o o t l e a f and
L o b l o l l y pines i n l i t t l e l e a f d isease
s i t e s . Phytopathology 65 : 1224-1229.
PAL, B.P. , and SINGH, R.S. 1973. A 
technique f o r de te rmin ing s u r v i v a l
of s c l e r o t i a of Sclerotium rolfeii 
i n s o i l . Ind ian Journal o f Mycology
and Plant Pathology 3 ( 2 ) : 184-185.
PANDEY, K.R. 1965. Behavior of Pythium 
aphanidermatum in s o i l amended w i t h
o rgan ic ma t te r . M.Sc. t h e s i s , U..P.
A g r i c u l t u r a l U n i v e r s i t y , Pantnagar,
I n d i a .
PAPAVIZAS, G.C. 1967. Eva lua t ion of
var ious media and a n t i m i c r o b i a l agents
f o r i s o l a t i o n o f Fusarium f rom s o i l .
Phytopathology 57 : 848-852.
PAPAVIZAS, G.C. 1972. I s o l a t i o n and
enumeration of propagules of Sclerotium 
cepivorum f rom s o i l . Phytopathology
62 : 545-549.
PAPAVIZAS, G.C., and DAVEY, C.B. 1959.
I s o l a t i o n of Rhizoctonia solani Kuehn
from n a t u r a l l y i n f e s t e d and a r t i -
f i c i a l l y i nocu la ted s o i l s . P lant
Disease Reporter 43 : 404-410.
PAPAVIZAS, G.C. , and DAVEY, C.B. 1962.
I s o l a t i o n and p a t h o g e n i c i t y of Rhizoc-
tonia s a p r o p h y t i c a l l y e x i s t i n g in
s o i l . Phytopathology 52 : 834-840.
PAPAVIZAS, G.C., and KLAG, N.G. 1975.
I s o l a t i o n o f q u a n t i t a t i v e determina-
t i o n of Macrophomina phaseolina f rom
s o i l . Phytopathology 65: 182-186.
PARK, D. 1961. I s o l a t i o n of Fusarium 
oxysporum f rom s o i l s . T ransac t ions
o f the B r i t i s h Mycologica l Soc ie ty
44 : 119-122.
PARK, D. 1963. The presence of Fusarium 
oxysporum in s o i l s . Transact ions o f
the B r i t i s h Mycological Soc ie ty 46 :
444-448.
PARMETER, J.R. J r . , and HOOD, J.R. 1961.
The use of Fusarium c u l t u r e f i l t r a t e
media in the i s o l a t i o n of Fusaria 
f rom s o i l . Phytopathology 5 1 : 164-168.
PARMETER, J.R. J r . , and HOOD, J.R. 1962.
Use o f u l t r a v i o l e t l i g h t i n the i s o -
l a t i o n o f c e r t a i n fung i f rom s o i l .
Phytopathology 52 : 376-377.
PEETHAMBARAN, C.K., and SINGH, R.S. 1977.
Surv iva l o f d i f f e r e n t s t r u c t u r e s o f
Pythium in s o i l . Ind ian Phy topa tho lo -
gy 30: 347-352.
PEETHAMBARAN, C.K., and SINGH, R.S. 1978.
Note on s e l e c t i v e medium f o r i s o l a t i o n
of Pythium. Pantnagar Journal of
Research 3 ( 1 ) : 134-136.
PRATT, B.H. , and HEATHER, W.A. 1972.
Method f o r r a p i d d i f f e r e n t i a t i o n o f
Phytophthora cinnamomi f rom o t h e r
Phytophthora spp. i s o l a t e d f rom s o i l
by l up i ne b a i t i n g . T ransac t ions o f
the B r i t i s h Mycologica l Soc ie ty 59:
87-96.
PRATT, R.G., and MITCHELL, J .E . 1973.
86
Condi t ions a f f e c t i n g the de tec t i on o f
Phytophthora megaaperma in s o i l s of
Wisconsin a l f a l f a f i e l d s . Phytopa-
tho logy 63 : 1374-1379.
RANGASWAMI, G. 1958. An agar d i s c tech-
n ique f o r i s o l a t i n g s o i l microorgan-
isms w i t h s p e c i f i c re ference to
Pythiaceous f u n g i . Science and Cu l -
t u r e 24 : 85.
RAJGOPALAN, S . , and RAMAKRISHNAN, K. 1964.
Phycomycetes in a g r i c u l t u r a l s o i l s
w i t h spec ia l re ference to Pyth iaceae.
I . Techniques o f i s o l a t i o n . Journal
of the Madras U n i v e r s i t y . Sect. B 
3 3 ( 3 ) : 311-341.
RIDING, W.N. , GALLEGLY, M.E. , and LILLY,
V.G. 1969. Thiamine requirements
h e l p f u l i n d i s t i n g u i s h i n g i so l a t e s o f
Pythium f rom those of Phytophthora. 
Phytopathology 59: 737-742.
ROBERTS, D.D., and KRAFT, J.M. 1973.
Enumeration of Fusarium oxysporum f.
pisi race 5 propagules from s o i l .
Phytopathology 63 : 765-768.
RODRIGUEZ-KABANA, R., BACKMAN, P.A., and
WIGGINS, E.A. 1973. A rap id f l o t a -
t i o n s i e v i n g technique f o r ex t rac t ion
o f s c l e r o t i a from s o i l i n f es ted w i t h
Sclerotium rolfsii. Phytopathology
63 : 747 ( A b s t r . ) .
RODRIGUEZ-KABANA, R., BACKMAN, P.A., and
WIGGINS, E.A. 1974. Determinat ion
o f s c l e r o t i a l popu la t i on o f Salerotium 
rolfsii in s o i l by a rap id f l o t a t i o n
techn ique. Phytopathology 64 : 610-
614.
SCHMITTHENNER, A.F. 1962. I s o l a t i o n of
Pythium f rom s o i l p a r t i c l e s . Phyto-
pathology 52: 1133-1138.
SCHMITTHENNER, A . F . , and WILLIAMS, L.E.
1958. Method f o r ana lys i s o f s o i l -
borne pathogens and assoc ia ted s o i l
f u n g i . Ohio A g r i c u l t u r a l Experiment
S t a t i o n Plant Pathology Mimeo Series
29.
SHARMA, R.D., and SINGH, R.S. 1973.
A technique f o r s e l e c t i v e i s o l a t i o n
of Fusarium moniliforme f rom s o i l and
p l a n t t i s s u e s . Indian Journal o f
Mycology and Plant Pathology 3: 67-70.
SINGH, K., SINGH, R.P., and AGNIHOTRI,
V.P. 1975. Taxonomy and pa thogen i -
c i t y o f fung i causing sugarcane w i l t
syndrome. Indian Phytopathology 28:
86 -91 .
SINGH, N. , and SINGH, R.S. 1970. Deve-
lopment o f w i l t causing species o f
Fusarium i n f u n g i c i d e t r e a t e d s o i l s .
Indian Phytopathology 23: 545-552.
SINGH, R.S 1962. Use of a n t i f u n g a l
a n t i b i o t i c s i n s e l e c t i v e media f o r
measuring the popu la t i on of Pythium 
in s o i l . In Proceedings, B ihar
Academy of A g r i c u l t u r a l Sciences 10-11:
48-54.
SINGH, R.S. 1974. E f f e c t of host and
nonhost crop seeds on vege ta t i ve
growth and s p o r u l a t i o n of Fusarium 
udum in s o i l . Indian Phytopathology
27 : 553-557.
SINGH, R.S. 1975. Studies on Fusarium. 
G.B. Pant U n i v e r s i t y of A g r i c u l t u r e
and Technology Experiment S t a t i o n
Research B u l l e t i n 7. 137 pp.
SINGH, R.S. , and CHAUBE, H.S. 1970.
A technique f o r es t ima t i on of hyphal
and c o n i d i a l propagules of Fusarium 
species in s o i l . LABDEV Journal of
Science and Technology 8B: 172-174.
SINGH, R.S., and CHAUBE, H.S. 1975.
Development of Fusaria in s o i l amended
w i t h h igh carbon sources. G.B. Pant
U n i v e r s i t y o f A g r i c u l t u r e and Tech-
nology Experiment S t a t i o n Research
B u l l e t i n 7 : 97-102.
SINGH, R.S., and KHANNA, R.N. 1977.
Popu la t ion dynamics of Fusarium spp.
in pea rh izosphere as a f f e c t e d by soi l
amendments. F o l i a M i c r o b i o l o g i a 22 :
396-399.
SINGH, R.S. , and MITCHELL, J .E . 1961.
A s e l e c t i v e medium f o r i s o l a t i o n and
measuring the popu la t i on of Pythium 
i n s o i l . Phytopathology 5 1 : 440-444.
SINGH, R.S. , and NENE, Y .L . 1965a.
Malach i te green in s y n t h e t i c media
f o r i s o l a t i o n of Fusarium spp. from
p lan t t i s s u e s . Naturwissenschaf ten
52: 94.
87
SINGH, R.S. , and NENE, Y.L. 1965b.
Some observa t ions on the use of
ma lach i te green and captan f o r the
de te rm ina t i on of Fusarium populat ions
in s o i l . P lant Disease Reporter 49 :
114-11.7.
SINGH, R.S. , and SINGH, N. 1970. Ef fect
o f o i l cake amendments o f s o i l on
popu la t ions o f some w i l t caus ing
species of Fusarium. Phy topa tho lo -
g ische Z e i t s c h r i f t 69 : 160-167.
SINGH, R.S. , and SINGH, N. 1975. An
obse rva t i on on the a s s o c i a t i o n o f
Fusarium moniliforme w i t h sugarcane
w i l t . Indian Phytopathology 28 : 2 7 1 -
272.
SINGH, R.S. , CHAUBE, H.S. , and SINGH, N.
1971. T o x i c i t y o f systemic fung ic ides
aga ins t i n t e r n a l l y seed-borne patho-
gens of maize. Ind ian Journal o f
A g r i c u l t u r a l Science 4 1 : 572-576.
SINGH, R.S. , JOSHI, M.M., and CHAUBE,
H.S. 1975. Fur ther s tud ies on the
ma lach i te green medium f o r Fusarium 
spp. G.B. Pant U n i v e r s i t y o f A g r i -
c u l t u r e and Technology Experiment
S t a t i o n Research B u l l e t i n 7 : 33-38.
SMITH, S . N . , and SNYDER, W.C. 1975.
Pers is tence of Fusarium oxysporum 
f . sp . vasinfeatum in f i e l d s in the
absence o f c o t t o n . Phytopathology
65: 190-195.
SNEH, B. 1972. An agar medium f o r the
i s o l a t i o n and macroscopic r e c o g n i t i o n
of Phytophthora spp. f rom s o i l on
d i l u t i o n p l a t e s . Canadian Journa l o f
M ic rob io logy 18: 1389-1392.
SNEH, B. , KATAN, J . , HENIS, Y . , and
WAHL, I. 1966. Methods f o r eva luat ing
inoculum dens i t y of Rhizoctonia in
n a t u r a l l y i n f e s t e d s o i l . Phytopa-
tho logy 5 6 : 76-78.
SNYDER, W.C. , NASH, S.M. , and TRUJILLO,
E.E. 1959. M u l t i p l e c l ona l types
of Fusarium solani f. sp . phaseoli in
f i e l d s o i l . Phytopathology 49 : 310-
312.
STANGHELLINI, M.E. , and HANCOCK, J.G.
1970. A q u a n t i t a t i v e method f o r
the i s o l a t i o n of Pythium ultimum 
f rom s o i l . Phytopathology 60 : 551-552.
STONER, M.F., and COOK, R.J. 1967. Use
o f p h y t o a c t i n i n popu la t i on s tud ies
of Fusarium roseum 'Culmorum' in
f i e l d s o i l s . Phytopathology 57 : 102
( A b s t r . ) .
TAKAHASHI, N . , and OZAKI, T. 1965. Eco-
l o g i c a l and taxonomic s tud ies on
Pythium as pathogenic s o i l f u n g i .
V I . The i s o l a t i o n methods of Pythium. 
B u l l e t i n o f the U n i v e r s i t y o f Osaka
Pre fec tu re Ser ies B 17: 1-10.
TICHELAAR, G.M. 1974. Use of t h i o -
phanate methyl f o r d i s t i n g u i s h i n g
between two v a r i e t i e s of Phoma causing
gangrene o f po ta toes . Nether lands
Journal of P lan t Pathology 80: 169-
170.
TSAO, P.H. 1960. A s e r i a l d i l u t i o n end
p o i n t method f o r e s t i m a t i n g d isease
p o t e n t i a l o f c i t r u s Phytophthoras i n
s o i l . Phytopathology 50 : 717-724.
TSAO, P.H. 1969. Studies on the sapro-
p h y t i c behavior of Phytophthora para-
sitica in s o i l . In Proceedings,
F i r s t I n t e r n a t i o n a l C i t r u s Symposium.
3: 1221-1230.
TSAO, P.H. 1970. S e l e c t i v e media f o r
i s o l a t i o n o f pathogenic f u n g i . Annual
Review of Phytopathology 8: 157-187.
TSAO, P .H. , and MENY0NGA, J.M. 1966.
Response of Phytophthora spp. and soi l
m i c r o f l o r a t o a n t i b i o t i c s i n the
p imar ic in -vancomyc in medium. Phyto-
patho logy 56: 152 ( A b s t r . ) .
TSAO, P .H. , and OCANA, G. 1969. Se lec-
t i v e i s o l a t i o n o f species o f Phytoph-
thora from na tu ra l s o i l s on an
improved a n t i b i o t i c medium. Nature
223: 636-638.
TSAO, P .H. , and THIELEKE, D.W. 1966.
S t i m u l a t i o n o f b a c t e r i a and a c t i n o -
mycetes by the polyene a n t i b i o t i c
p i m a r i c i n i n s o i l d i l u t i o n p l a t e s .
Canadian Journal o f M ic rob io logy 12:
1091-1094.
VAARTAJA, O. 1967. R e i n f e s t a t i o n of
s t e r i l i z e d nursery seedbeds by f u n g i .
Canadian Journal of M ic rob io logy 13:
771-776.
88
VAARTAJA, O. 1968. Pythium and Motie-
r e l l a i n s o i l s o f On ta r io f o r e s t
n u r s e r i e s . Canadian Journal o f Micro-
b io logy 14: 265-269.
VAARTAJA, O., and BUMBIERIS, M. 1964.
Abundance of Pythium species in nu r -
sery s o i l s in South A u s t r a l i a . Aus-
t r a l i a n Journa l o f B i o l o g i c a l Sciences
17: 436-445.
WATERHOUSE, G.M., and STAMPS. D.J. 1969.
I s o l a t i o n of Phytophthora and Pythium. 
In I s o l a t i o n Methods f o r M i c r o b i o l o -
g i s t s , eds. D.A. Shapton and G.W.
Gould. New York : Academic Press.
WENSLEY, R.N., and McKEEN, C.D. 1962.
A s o i l suspension p l a t i n g method of
e s t i m a t i n g popu la t i ons of Fusarium 
oxysporum f. melonis in muskmelon
w i l t s o i l s . Canadian Journal o f
M ic rob io logy 8: 57-64.
WORF, G.L. , and HAGEDORN, D.J. 1961.
A technique f o r s tudy ing r e l a t i v e
s o i l popu la t ions of two Fusarium patho-
gens of garden peas. Phytopathology
5 1 : 805-806.
ZERKA, A.M.E. 1963. A rap id method f o r
the i s o l a t i o n and d e t e c t i o n of Rhizoc-
tonia solani Kuehn from n a t u r a l l y
i n f e s t e d and a r t i f i c i a l l y i nocu la ted
s o i l s . Mededelingen Landbouw Hoge-
s c h o o l , Wageningen 28 : 877-885.
89
Discussion — Session 2 
Chairman : J. B. Sinclair
Rapporteur : K. N. Rao
Saksena : Is there any o b j e c t i o n to
the use o f the phrase " s o i l -
borne d iseases" ins tead of
" s o i l - b o r n e pathogens?"
Wood : I f ee l it is imprecise to
use " s o i l - b o r n e d i seases . "
We have been us ing " s o i l -
borne pathogens. " We have
more ser ious o b j e c t i o n s to
"seed-borne d iseases" than
t o " s o i l - b o r n e d i s e a s e s . "
There are seed-borne diseases
tha t may be contaminants.
K r a f t : There are d i s t i n c t anas to -
mosing groups worked ou t in
Rhizoctonia t ha t one group
out of t h ree can be seed-
borne; the o the rs cannot .
How can we deal w i t h t h i s ?
I t a f f e c t s the whole proce-
dure and needs f u r t h e r i n -
v e s t i g a t i o n .
Wood : When we t a l k about Rhizoc-
tonia s o l a n i , we should at
l eas t s t a t e to which anasto-
mat ic group i t be longs.
K ra f t : Groups of one area may not
be present in o the r a reas .
Nene : Would you please e l abo ra te
on t h i s ?
Kra f t : I f ee l t h a t f a i r l y d i s t i n c t
groups e x i s t w i t h i n t h i s
genus. One group is not
seed-borne. We t a l k about
wide host ranges w i t h i n the
genus.
Abawi : Four anastomosis groups are
recognized at the present
t ime ; however, the re are iso-
l a t es t h a t cannot be placed
in any of these groups. Iso-
la tes of R. solani associated
w i t h bean roo ts and s o i l s in
New York belong l a r g e l y to
group 4, but a few i s o l a t e s
have been p laced in groups 1 
and 2. Even w i t h i n each
anastomosis g roup , I so l a tes
of R. solani d i f f e r cons ider -
ab ly i n t h e i r growth r a t e ,
p a t h o g e n i c i t y , and p roduc t ion
of s c l e r o t i a . The anastomo-
s i s grouping of R. solani 
i s o l a t e s can be determined
by p a i r i n g w i t h known t e s t e r
s t r a i n s .
S i n c l a i r : Can you t e l l us where these
clones can be obta ined?
Abawi : American Type Cu l tu re Co l l ec -
t i o n main ta ins a s e t . Re-
searchers in the USA who
might be ab le to p rov ide a 
set are Dr. Anderson at the
U n i v e r s i t y o f Minnesota,
Dr. B u t l e r a t the U n i v e r s i t y
o f C a l i f o r n i a , Dav is , and
Dr. Parmeter at the Un iver -
s i t y o f C a l i f o r n i a , Berke ley .
Wood : Is the a e r i a l s t r a i n of R.
solani a new s t r a i n ?
Saksena : I t is d i f f i c u l t to say. I 
f ee l sheath b l i g h t o f paddy
was known 10 to 15 years ago
and t h e r e f o r e do not cons ider
i t a new s t r a i n .
Wood : Why do you t h i n k t h a t it is
not a new s t r a i n ? Is t h e r e
any way of f i n d i n g out?
Saksena : The disease was recorded, but
not much work was done on
Rhizoctonia p r e v i o u s l y and
there was not much f a m i l i a r i t y
w i t h the p e r f e c t s tage. The
i n t r o d u c t i o n o f e x o t i c , h igh ly
s u s c e p t i b l e v a r i e t i e s and
excess ive use o f f e r t i l i z e r s
and i r r i g a t i o n may be r e s -
poss ib l e f o r h igh disease
inc idence and new s t r a i n s .
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Nene : A major f a c t o r c o n t r i b u t i n g
to h igh disease inc idence
may be h igh p l a n t dens i t y in
a new package of p r a c t i c e s ,
something which does not
happen in normal f a rmers '
f i e l d s . My own exper ience
in b lack gram at Pantnagar
is t h a t in the e r e c t types
the inc idence was lower com-
pared w i t h p l a n t s t h a t p r o -
duced a l o t o f v e g e t a t i v e
growth , l e a f canopy, l e a f
c o n t a c t , e t c . Th is i s t r u e
even f o r the sexual phase of
the pathogen.
Hubbel ing : In Ho l l and , w i t h increase in
f e r t i l i z e r o n sho r t v a r i e t i e s
of wheat stembase a t t a c k was
more and I suppose the same
is t r u e w i t h sho r t paddy
v a r i e t i e s . Ammonium com-
pounds, p a r t i c u l a r l y Ammonium
n i t r a t e o r phosphate f e r t i -
l i z e r s , were s t i m u l a t i n g i n -
f e c t i o n ; e f f e c t i n g a decrease
in pH of the s o i l , they might
e a s i l y induce a more dramatic
a t t a c k o f p l a n t s .
Wood : Is i t the a e r i a l phase or
roo t i n f e c t i o n you are t a l k -
ing about?
Hubbel ing : In wheat, severa l fung i i n -
creased w i t h t h i s sho r t - s t em
s i t u a t i o n , but not Rhizoc-
tonia. I am not t a l k i n g
about Rhizoctonia in d i f f e r -
ent crops as Dr. Saksena was.
Wood : I f ee l i t is not increase in
s e v e r i t y o f the pathogen but
perhaps the r e s u l t of a new
h o s t - p a r a s i t e r e l a t i o n s h i p .
Abawi : Web b l i g h t of beans ( a e r i a l
i n f e c t i o n by R. solani) is
common in South America, and
the p e r f e c t stage o f the
fungus has been repor ted to
occur r e a d i l y . The a e r i a l
s t r a i n s have been repor ted
to be h igh s c l e r o t i a p r o -
ducers , g e n e r a l l y more s e n s i -
t i v e to CO2 and f a s t e r grow-
ing than the subterranean
s t r a i n s . High p lan t dens i t y
and c e r t a i n p l a n t a r c h i t e c -
t u r e are known to increase
Rhizoctonia i n f e c t i o n as w e l l
as o t h e r pathogens such as
Sclevotinia, the causal agent
o f w h i t e mold o f beans.
Purss : We have Rhizoctonia web
b l i g h t i n no r t he rn pa r t s o f
Queensland but we have never
seen the p e r f e c t s tage .
Abawi : S i m i l a r l y , we have not been
able to observe the p e r f e c t
stage of R. solani in New
York , a l though we have ob-
t a i ned severa l i s o l a t e s tha t
very c l o s e l y resemble the
a e r i a l s t r a i n s and belong to
the same anastomosis group.
Saksena : In sheath b l i g h t o f t a l l
paddy, l es ions are occas ion -
a l l y produced on the l e a f ,
but no p e r f e c t s tage . In
legumes a l s o , under c e r t a i n
c o n d i t i o n s , on l y l es ions may
be produced w i t h o u t fo rmat ion
o f the p e r f e c t s t a t e .
Haware : R. solani causes root r o t in
ch ickpea, but we never ob-
served the p e r f e c t s tage .
Factors such as s o i l moisture
and temperature p lay a major
r o l e in d isease development.
Saksena : The root s t r a i n of Rhizoc-
tonia never produces the
p e r f e c t s tage . In ch ickpea,
the disease is more severe
in e a r l y stages o f growth
and delay in sowing may
reduce disease inc idence .
Chohan : Sheath b l i g h t of paddy caused
by R. solani was not a prob-
lem on l oca l v a r i e t i e s In the
Punjab but as Dr. Nene ob-
se rved , i t is a problem on
the new h i g h - y i e l d i n g v a r i e -
t i e s . In the Punjab we do
not f i n d the p e r f e c t s t a t e
s c l e r o t i a . The s e l e c t i v i t y
o f the pathogen causing aer ia l
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i n f e c t i o n may be due to
s u r v i v a l o r pe rpe tua t i on o f
the pathogen on r i c e k e r n e l s .
Nene : Dr. Saksena, you have i n d i -
cated a long l i s t o f hos t s .
Did you t e s t chickpea a t a l l ?
If yes , what was the reaction?
I want to know because in
no r the rn Ind ia and pa r t s o f
West A s i a , chickpea makes a 
l o t o f v e g e t a t i v e growth i n
cool temperatures and t h i s
may be congenial to a e r i a l
b l i g h t .
Saksena : I do not remember t e s t i n g of
chickpea aga ins t a e r i a l
s t r a i n s . Chickpea is a rab i
( pos t r a i ny season) crop and
a l l o t he r hosts l i s t e d are
k h a r i f ( r a i n y season) c rops .
We have not come across
a e r i a l b l i g h t i n rab i c rops .
K r a f t : In the USA, when two crops
of beans are grown, second
crop of snap bean is devas-
t a t e d . I s t h a t t r u e here?
Abawi : Our exper ience w i t h R. solani 
on beans suggests t ha t the
disease is most severe under
r e l a t i v e l y dry and warm s o i l
c o n d i t i o n s .
K r a f t : Could Dr. Singh t e l l me—what
i s the s t a t i s t i c a l s i g n i -
f i cance i n s o i l sampling o f
la rge f i e l d s , such as 60
acres . I t h i n k in terms of
d i l u t i o n , the end p o i n t o f
inoculum in s o i l s is impor-
t a n t .
Singh : I agree w i t h Dr. K r a f t t h a t
nonde tec t ion does not mean
t h a t no fungus is p resen t .
There is a l i m i t up to which
it can be d e t e c t e d . For
example, we have encountered
a problem in Pythium de tec-
t i o n . No P y t h i u m cou ld be
de tec ted in the December to
February p e r i o d , but i t
s t a r t e d appear ing in samples
taken a f t e r March. Therefore,
the number of samples and
r e p l i c a t i o n s should be i n -
creased. These s e l e c t i v e
media are usefu l w i t h l a rge
sample s i z e and h igh inoculum
p o p u l a t i o n s , or when we a r t i -
f i c i a l l y c rea te c o n d i t i o n s
f o r d e t e c t i o n .
K r a f t : In the case of bean and pea
roo t r o t s , d isease l e v e l s
were low even when inoculum
popu la t i on l e v e l s were h i g h ,
because of o the r f a c t o r s such
as s o i l compact ion, s t r e s s ,
pH, e t c .
Wood : What techniques do you use
f o r ensur ing reasonable e s t i -
mation o f e f f i c i e n c y o f
s e l e c t i v e media?
Singh : F i r s t we i s o l a t e pure cu l tures
of the fungus. Then we i n o -
c u l a t e au toc laved s o i l s . A 
known q u a n t i t y of inoculum
is added to s o i l s and imme-
d i a t e l y p l a t e d f o r recovery .
The recovery was on ly 36% for
Fusarium, but was h igh f o r
o t h e r organisms. When a c t u -
a l l y us ing the method we
normal ly do not keep a check
f o r recovery .
Abawi : I t i s impor tant to i n i t i a l l y
determine the e f f i c i e n c y and
a p p l i c a b i l i t y o f the t e c h -
n ique to be used f o r e s t i -
mating s o i l popu la t i on o f
p l a n t pathogens to the d i f f e r -
ent s o i l s i nvo lved in the
i n v e s t i g a t i o n . Gene ra l l y ,
none of the media and methods
a v a i l a b l e w i l l g i ve an accu-
r a t e es t ima te o f the ac tua l
number of funga l propagules
in the s o i l . However, these
techniques g i v e es t imates o f
the r e l a t i v e abundance o f
fungal propagules and thus
are e s p e c i a l l y s u i t a b l e f o r
comparing the d i f f e r e n c e s
between t r ea tmen ts .
Dr. Purss , in your p resen-
t a t i o n you mentioned t h a t
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s t r e s s f a c t o r s p lay a r o l e
in the epidemiology of many
d iseases. W i l l you please
e l a b o r a t e on some of these
s t r e s s f a c t o r s and how they
can be measured?
Purss : I am not an expe r t on meas-
u r i n g mois tu re s t r e s s . Jim
Cook in Washington d i d use
a pressure bomb techn ique to
measure the capac i t y of the
p lan t t o w i t hs tand mo is tu re
s t r e s s . We cannot t a l k of
roo t and s t a l k diseases w i t h -
out a c t u a l l y t a l k i n g about
va r ious s t r e s s e s .
Abawi : I agree w i t h t h i s and would
l i k e to add t h a t f a c t o r s such
as s o i l compact ion, herb ic ide
use, and f e r t i l i z e r a f f e c t
the inc idence and s e v e r i t y
of many s o i l - b o r n e pathogens,
and thus the epidemiology of
d isease .
Hagedorn : What crop can be r o t a t e d wi th
the main crop f o r a d e l e -
t e r i o u s e f f e c t on Rh izoc ton ia
propagules in the s o i l ?
Chohan : A r i c e - p o t a t o - r i c e r o t a t i o n
can be f o l l owed to c o n t r o l
the a e r i a l s t r a i n o f web
b l i g h t . Rice i s o l a t e does
not cause b lack s c u r f on
po ta to and v i c e ve rsa .
Nene : Dr. Pu rss , I would l i k e to
c l a r i f y t h e p o s i t i o n on Phy-
tophthora vignae. Th is was
the e a r l i e r i d e n t i f i c a t i o n
from CMI and the l a t e s t i n -
f o rma t i on was g iven in my
t e x t yes te rday . In our s tud -
i e s , pigeonpea roo ts a re not
a t t acked by Phytophthora and
symptoms are seen on l y on
the stem. Are t he re th ree
d i f f e r e n t s t r a i n s , t h a t i s ,
r o o t , s tem, and f o l i a r
s t r a i n s ?
Purss : P, vignae was always f i r s t
observed on the stem; i n f e c -
t i o n goes to the roo ts l a t e r
and i s r a r e l y de tec ted p r i -
m a r i l y o n r o o t s . F o l i a r i n -
f e c t i o n o c c u r s , but the re i s
no evidence o f s t r a i n d i f f e r -
e n t i a t i o n f o r t h i s c a p a c i t y .
K r a f t : Dr. Nene, was your observa-
t i o n w i t h i nocu la t i ons?
Nene : No, w i t h n a t u r a l i n f e c t i o n
i n the f i e l d .
K r a f t : I was wondering whether it
would be poss ib l e to study
t h i s in glasshouse i n o c u l a -
t i o n s o f roo ts and shoots .
You may have roo t r es i s tance
but not stem r e s i s t a n c e .
Kannaiyan : Recent ly r oo t i n o c u l a t i o n of
a known h i g h l y s u s c e p t i b l e
l i n e showed no symptoms up
to 10 days. But the re was
severe s t u n t i n g o f inoculated
p l a n t s . Previous workers
repor ted t h a t they inocu-
l a t ed roo ts and symptoms were
observed on the stem. I feel
wa te r ing the p l a n t s may cause
inoculum from the roo t to
show symptoms on the stem.
Nene : Are the re any l es ions observed
on the roots?
Kannaiyan : There was on l y s t u n t i n g and
no les ions on the r o o t s .
Nene : How is the s t u n t i n g explained?
Kannaiyan : Toxins may be p l a y i n g a r o l e
i n the s t u n t i n g o f p l a n t s .
Hubbel ing : Under h igh temperature or
h igh N d r e s s i n g , c e l I s become
b igge r . I f a l i n e a r en la rge -
ment of two t imes is e f f e c t e d ,
c e l l s may become fou r t imes
in volume. Water balance may
be d i s t u r b e d w i t h t h i s new
s i t u a t i o n , causing s t r e s s .
A l l e n : Dr. Purss s a i d Phytophthora 
vignae i s aggress ive p a r t i -
c u l a r l y at 19 to 28°C. Can
you e x p l a i n the spec ies '
geographica l d i s t r i b u t i o n i n
terms of temperature?
Purss : Temperature response cou ld
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be exp la ined based on P.
vignae d i s t r i b u t i o n In Aus-
t r a l i a and In Queensland
p a r t i c u l a r l y .
A l l e n : Where has the P. vignae come
from?
Purss : I do not know, but it was
not n o t i c e d u n t i l 1950 in
A u s t r a l i a , when i t appeared
in epidemic form on the high
s u s c e p t i b l e cv Poona. I 
presume tha t the d isease did
not occur be fo re because i t
was u n l i k e l y to have gone
unde tec ted . E a r l i e r P . c i n -
namomi was observed in n a t u -
ra l form but not P. vignae. 
I n c r o s s - p r o t e c t i o n s t u d i e s ,
p r i o r i n o c u l a t i o n s w i t h P .
megasperma va r . sojae p ro -
t e c t e d aga ins t P. vignae. 
P. megaspevma is more w ide -
spread than P. vignae. 
A l l e n : Did you t e s t cv Cr i s tado
aga ins t all races?
Purss : Yes, C r i s tado was t e s t e d
aga ins t a l l f ou r i d e n t i f i e d
races . A l l the " f i e l d -
r e s i s t a n t " c u l t i v a r s t es ted
were f u l l y s u s c e p t i b l e , w i t h
the excep t ion of cv Black
Eye 5. 
Wood : Dr. Purss repor ted 95% in fec-
t i o n o r su r face covered,
what does It mean?
Purss : I t h i n k it would be more
c o r r e c t to record 95% d i s -
ease ins tead o f i n f e c t i o n .
Since on l y one l e s i o n is
produced on each p l a n t , the
number o f p l a n t s a re counted
f o r d isease s e v e r i t y .
Wood : What I am i n t e r e s t e d in is
the s i z e o f the l e s i o n rather
than the number o f p l a n t s
i n f e c t e d .
Purss : I am speaking about f i e l d
r e s i s t a n c e . How f a r the
l e s i o n gets up to the stem
is not impor tan t . I f a 
l es i on is produced, no y i e l d
is g e n e r a l l y ob ta ined from
the p l a n t .
Kannaiyan : In Dr. Purss ' paper, much
v a r i a t i o n o f d isease i n c i -
dence in the same v a r i e t y in
d i f f e r e n t years was i nd i ca ted .
What are the reasons f o r such
v a r i a t i o n s ?
Purss : V a r i a t i o n in r a i n f a l l may be
e x c l u s i v e l y respons ib le f o r
v a r i a t i o n i n the d isease .
Nene : In pigeonpea geno typ ic d i f f e r -
ences are such t h a t some
genotypes may not break even
a f t e r l e s i o n f o r m a t i o n ; t h a t
i s , the p l a n t s may l i v e w i t h
the d i sease .
Hagedorn : Are the l es ions s u p e r f i c i a l ?
Nene : They are e s s e n t i a l l y super-
f i c i a l , unless the weather
cont inues to be f a v o r a b l e .
Hubbel ing : Dr. Chohan, cou ld you exp la in
which d isease you are con-
t r o l l i n g w i t h wheat-groundnut-
wheat r o t a t i o n or by seed
treatment?
Chohan : With t h i s r o t a t i o n , I have
observed i n d i c a t i o n o f low
rh izosphere m i c o f l o r a , not
complete c o n t r o l o f c o l l a r
r o t d isease caused by Asper-
gillus niger. 
Hubbel ing : Is gypsum recommended in
c u l t i v a t i o n o f groundnut?
Chohan : Yes, it Is recommended as per
the Package of P rac t i ces by
my u n i v e r s i t y f o r the r a i n y
season c r o p s , p a r t i c u l a r l y
t o c o r r e c t s u l f u r - d e f i c i e n t
s o i l s .
K r a f t : We have observed gypsum and
l ime c o r r e l a t i o n s w i t h
Fusarium i nc i dence i n the
s o i l i n d r y l and f a rm ing . In
sandy a l l u v i a l s o i l s , s i l i c a
m i g r a t i o n to the upper layers
was observed due to low pH.
We are running some l i m i n g
s t u d i e s .
95
Wood : One of the recommendations
from t h i s group might be to
exp lo re the p o s s i b i l i t i e s o f
c u l t u r a l c o n t r o l o f d isease
caused by R. solani, as
o b t a i n i n g gene t i c r e s i s t a n c e
may be remote f o r t h i s group
o f d iseases. Th is s o r t o f
research might w e l l be j u s t i -
f i e d and p r a c t i c e d on a much
l a r g e r sca le as c u l t u r a l
p r a c t i c e s cou ld w e l l be p r o -
d u c t i v e .
Singh : In t r a d i t i o n a l po ta to c u l t i -
v a t i o n Margosa cake or saw-
dust was used as a c u l t u r a l
c o n t r o l aga ins t Rhizoctonia 
d isease . I t a l s o keeps the
tubers c l e a n .
Chohan : Some of the c u l t u r a l p rac -
t i c e s may be very e f f e c t i v e .
For example, Sclerotium 
oryzae caus ing stem r o t in
paddy in the Punjab was
comple te ly c o n t r o l l e d when
farmers s t a r t e d c u l t i v a t i n g
r i c e f i e l d s a f t e r harves t
w i t h t r ac to r -moun ted f u r r o w -
t u r n i n g p lows.
Wood : Any c u l t u r a l method should
be very p r a c t i c a l . A l o t o f
work on b i o l o g i c a l c o n t r o l
tu rned ou t to be nonsense.
I have a Ph.D. s tuden t who
suggested a p p l i c a t i o n o f 40
tons per acre o f c h i t i n f o r
the c o n t r o l of Fusarium oxy-
sporum v a r . pisi. 
Singh : C h i t i n of course is very
c o s t l y , but the re are a l o t
of common m a t e r i a l s such as
wood sawdust, a long w i t h
urea as supplemental n i t r o g e n ,
which may be u s e f u l . There
should be d i f f e r e n t recommen-
d a t i o n s f o r d i f f e r e n t s o i l s .
Gibbons : C u l t u r a l c o n t r o l in peanuts
in the USA is s t i l l work ing
very w e l l . Any c o n t r o l o f
f o l i a r diseases such as Cer-
cospora and r u s t might work
f o r Fusa r i a l roo t r o t s a l s o .
S i n c l a i r : Yesterday we observed in the
f i e l d a v i r u s and fungus
I n t e r a c t i o n . This type o f
I n t e r a c t i o n was a l s o observed
In soybean. There may be
I n t e r a c t i o n s between f o l i a r
and root pathogens. ICRISAT
s c i e n t i s t s might w e l l c o n s i -
der the study o f the i n t e r -
a c t i o n between pathogens
o c c u r r i n g on the same hos t .
Th is area needs more s tudy .
A l l e n : I am g lad t ha t host-pathogen
and pathogen-pathogen I n t e r -
a c t i o n s were brought out in
the d i s c u s s i o n . Cowpeas are
g e n e r a l l y I n te rc ropped . A t
IITA, we have measured e f fec ts
of c ropp ing system on disease
and have observed reduced
leve l s of some diseases (e .g .
Rh izoc ton ia web b l i g h t ; cow-
pea ye l l ow mosaic) and i n -
creased l e v e l s o f o the rs
( e . g . powdery mildew) In cow-
pea. We need more in fo rma-
t i o n on t h i s .
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Host-Parasite Interactions
Host-Parasite Relationships
with Special Reference to Root-infecting Fungi
My b r i e f is to t a l k about i n t e r a c t i o n s
t h a t a f f e c t the inc idence and s e v e r i t y
of diseases of h igher p l an t s caused by
s o i l - b o r n e microorganisms. The g rea t
m a j o r i t y o f these microorganisms are
f a c u l t a t i v e p a r a s i t e s t h a t grow w e l l on
s imple media and would t h e r e f o r e be ex-
pected to grow r e a d i l y on t i s s u e s of
h igher p l an t s once t h e i r c e l l s have been
k i l l e d . Prima f a c i e , t he re are no ob -
vious reasons why such pathogens should
not grow and m u l t i p l y e x t e n s i v e l y on
p l a n t deb r i s o f host o r o f o the r p l an t s
on or in the s o i l . Some c e r t a i n l y do,
at l e a s t f o r some t i m e ; hence the im-
por tance o f the deb r i s i n t h e i r peren-
n a t i o n . But i n c r e a s i n g l y the evidence
suggests t h a t many, i f not most, do not
compete we l l w i t h saprophytes in the
s o i l and t h a t a f t e r l i m i t e d v e g e t a t i v e
growth on dead p lan t t i s s u e , they d i s -
appear or p e r s i s t on l y as dormant propa-
gules of one type or ano the r . A few
f a c u l t a t i v e p a r a s i t e s may p e r s i s t vege-
t a t i v e l y a t low l e v e l s by growing in
a s s o c i a t i o n w i t h roo ts o f p l a n t s , but
not doing s u f f i c i e n t damage to be r e -
garded as pathogens.
The compara t ive ly few s o i l - b o r n e
pathogens t ha t are o b l i g a t e pa ras i t es o r
f a c u l t a t i v e saprophytes , i f I may be
a l lowed to use such o l d - f a s h i o n e d terms,
must be presumed to p e r s i s t in s o i l a l -
most w h o l l y as dormant p ropagu les , unless
they have s u b s i d i a r y l i f e cyc les on other
than t h e i r main h o s t s , of which we are
unaware.
Before p roceed ing , I must q u a l i f y
my use of "do rman t . " Whereas some of
the propagules I have r e f e r r e d to are
dormant i n t h a t they w i l l not r e a d i l y
germinate i f they a re taken from s o i l
and p laced in the usual c o n d i t i o n s o f
m o i s t u r e , t empera tu re , and so o n , o t h e r s
do germinate and grow r e a d i l y under
these c o n d i t i o n s . I n the f i r s t group
endogenous, in the second group, exo-
genous f a c t o r s c o n t r o l dormancy. There
is now abundant ev idence of exogenous
f a c t o r s i n s o i l t h a t suppress germinat ion
o f p ropagu les , the wel l -known and w e l l -
s tud ied phenomenon of mycos tas is . For
both types o f propagules and f a c t o r s ,
something has to happen be fo re they s t a r t
to grow in s o i l as a p r e l i m i n a r y to pene-
t r a t i o n and i n f e c t i o n o f p l a n t s . Here
is a f i r s t and impor tant r o l e f o r the
underground pa r t s o f p l a n t s in h o s t -
p a r a s i t e r e l a t i o n s . The propagules of a 
few pathogens produce zoospores, but most
pathogens produce germ tubes and hyphae.
Both types of propagules may be inf luenced
by the host in the p repene t ra t i on s tage ,
e i t h e r a t a d i s tance f rom or a t the host
s u r f a c e , so t h a t the p r o b a b i l i t y o f the
host being cha l lenged by t h e pathogen
may be i n f l u e n c e d .
A l s o , and probably more i m p o r t a n t l y ,
the host w i l l i n t e r a c t w i t h the pathogen
du r i ng p e n e t r a t i o n , i n f e c t i o n , and c o l o -
n i z a t i o n in ways t h a t w i l l determine the
growth o f the pathogen and i t s capac i t y
to cause d isease .
I s h a l l now review these aspects of
h o s t - p a r a s i t e r e l a t i o n s h i p s and specu la te
l i g h t l y o n t h e i r p o s s i b l e s i g n i f i c a n c e
in d isease c o n t r o l .
Effects Outside Plants
Subaer ia l pa r t s o f p l a n t s a l t e r the s o i l ,
i n t e r a l i a , by t a k i n g up water and oxygen,
by produc ing carbon d i o x i d e , by l o s i n g
o t h e r substances in s o l u t i o n or in vapor,
and by r e l eas i ng c e l l u l a r ma te r i a l as
va r i ous h igh molecu lar we igh t s t r u c t u r a l
po lymers . Roots are a l s o u s u a l l y s u r -
rounded by a l aye r of muc i l age , muc ige l ,
1-10 µm t h i c k , main ly po l ysaccha r i de ,
which separates epidermal c e l l s f rom the
s o i l . Each o f these substances, o r
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groups o f substances, undoubtedly w i l l
a f f e c t pathogens at a d i s tance f rom the
p l a n t but most of what we know about
such e f f e c t s r e l a t e s to substances in
s o l u t i o n as exudates from roo ts and hypo-
c o t y l s . I s h a l l con f i ne mysel f l a r g e l y
to such substances as are very v a r i e d in
t ype , w i t h sugars , amino a c i d s , and in-
o rgan i c ions as dominant , but i n c l u d i n g —
u s u a l l y at much lower concen t ra t i ons—
organ ic a c i d s , g l y c o s i d e s , n u c l e o t i d e s ,
va r ious growth f a c t o r s , and enzymes.
The substances come main ly from root
t i p s , zones o f e l o n g a t i o n , and breaks in
the ep idermis e lsewhere.
Germination of Dormant Propagules
Dormant propagules remain a l i v e f o r vary-
ing per iods t h a t depend on type of propa-
gule and spec ies . Propagules may be
s t i m u l a t e d to germinate, u s u a l l y non-
s p e c i f i c a l l y , as they are approached by
roo ts o f p l a n t s t h a t the pathogen can
or cannot p a r a s i t i z e . I t seems t h a t
exudates from the roo ts n u l l i f y t h a t
p a r t o f mycostasis t h a t depends on n u t r i -
ent l e v e l s , w h i c h , in s o i l away from
r o o t s , a re too low to a l l o w germina t ion
o f the propagu les . Less c e r t a i n l y ,
exudates may coun te rac t the t o x i c i t y of
c e r t a i n substances i n s o i l s o l u t i o n s .
S p e c i f i c e f f e c t s o f exudates have
been repor ted much less f r e q u e n t l y .
Some of the c la ims made f o r s p e c i f i c i t y
have not been conf i rmed by l a t e r work.
But i t has been e s t a b l i s h e d t h a t exudates
from roo ts o f Allium s p p . , but not o f
many o t h e r p l a n t s , do cause s c l e r o t i a of
Sclerotium cepivorum to germinate in
s o i l w i t h a l k y l cys te ine s u l f o x i d e s a s
the a c t i v e compounds. S c l e r o t i a o f
Stromatinia gladioli respond s i m i l a r l y
to exudates from roo ts of many, though
not a l l , species o f the Iridaceae but
not to exudates from species o f va r i ous
o the r f a m i l i e s . For S. cepivorum t he re
i s the d i f f i c u l t y t h a t s c l e r o t i a do
germinate when removed from s o i l . How
then do the a l k y l c ys te i ne s u l f o x i d e s
n u l l i f y the f a c t o r s t ha t suppress ge rm i -
na t i on i n s o l i ?
Substances from host p l a n t s may
a l so ac t s p e c i f i c a l l y on r e s t i n g spores
of pathogens such as Plasmodiophora 
brassicae and Synchytrium endobioticum, 
h i g h l y s p e c i a l i z e d pa ras i t es t h a t p e r s i s t
in s o i l f o r very long per iods in the
absence o f s u s c e p t i b l e host p l a n t s .
The general lack o f s p e c i f i c i t y in
response to exudates is s u r p r i s i n g ,
perhaps, cons ide r i ng the advantages to
pathogens t h a t cou ld respond on l y to
exudates from p lan t s t ha t could then be
p a r a s i t i z e d .
Tactic Effects
Exudat ion from subae r ia l pa r t s o f p l an t s
w i l l , presumably, e s t a b l i s h g rad ien ts
from the sur faces through the s o i l which
could l a s t long enough to e f f e c t a c t i v i t y
or growth of pathogens away from the
su r faces . Chemotactic movement of zoo-
spores a long g rad ien ts o f i nc reas ing
concen t ra t i ons o f substances o f types
found i n exudates a r e , i n v i t r o , s t r i k -
ing and w e l l documented, p a r t i c u l a r l y
f o r sugars and amino a c i d s . But the re
is a lack of much f i r m data on whether
chemotaxis increases the frequency of
cha l lenge of subaer ia l pa r t s by pathogens.
Aga in , most o f the e f f e c t s so f a r de-
s c r i b e d are n o n s p e c i f i c , w i t h exudates
from r e s i s t a n t p l an t s being as e f f e c t i v e
as , or more e f f e c t i v e t h a n , those from
s u s c e p t i b l e p l a n t s . S p e c i f i c e f f e c t s
c la imed f o r c e r t a i n pathogens were again
not conf i rmed in l a t e r work.
Stimulation of Growth
There i s l i t t l e doubt t h a t n u t r i e n t s i n
roo t and hypocoty l exudates can increase
growth o f pathogens. But they a l so i n -
crease growth o f o the r microorganisms.
This is an e x t e n s i v e l y s tud ied s u b j e c t ,
but i t has been d i f f i c u l t to separate
these two e f f e c t s in v i v o and s t i l l more
d i f f i c u l t t o assess the consequences f o r
growth o f the pathogen near o r a t the
su r face as a p re lude to p e n e t r a t i o n .
Thus, increased growth o f o the r m ic ro -
organisms u s u a l l y would be expected to
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decrease growth of the pathogen and d i s -
ease. But I t can a l s o have the reverse
e f f e c t ; and perhaps unexpected ly , i n -
creased growth of a pathogen in response
to exudates may be assoc ia ted w i t h less
i n f e c t i o n and d isease . A reasonably w e l l -
e s t a b l i s h e d example o f increased i n f e c -
t i o n is t h a t seed o f pea c u l t i v a r s sus-
c e p t i b l e to Pythium debaryanum re lease
s i g n i f i c a n t l y more sucrose du r i ng ge rm i -
na t i on than do seed o f r e s i s t a n t c u l t i -
v a r s ; r e s i s t a n t seed became s u s c e p t i b l e
a f t e r t reatment w i t h exudates from sus-
c e p t i b l e seed. S u s c e p t i b i l i t y o f c u l t i -
vars of Phaseolus vulgaris to Rhizoctonia 
solani and Pythium spp. is a l so r e l a t e d
to i nc reas ing amounts o f n i n h y d r i n -
p o s i t i v e , s i l v e r n i t r a t e - p o s i t i v e sub-
stances exuding from seeds. These e f -
f ec t s were assayed by germina t ion of
chlamydospores, but i t seems l i k e l y t h a t
t he re were corresponding e f f e c t s on
growth of hyphae.
Inhibition of Growth
There are many repo r t s t h a t substances
in exudates are t o x i c to s o i l - b o r n e
pathogens, o f t e n w i t h the c l a im o r i m p l i -
c a t i o n t h a t the t o x i c i t y decreases s i g n i -
f i c a n t l y the chances t h a t a pathogen w i l l
i n f e c t subaer ia l pa r t s o f p l a n t s . An
e a r l y and much-quoted example is the role
o f the cyanogenic ß -g lucos ide l i namar i n
and its aglycone HCN in decreas ing w i l t
of f l a x caused by Fusar ium oxysporum f .
sp . lini. S i m i l a r work on the t o x i c i t y
o f exudates from roo ts o f pea c u l t i v a r s
to c o n i d i a of races of P. oxysporum f .
sp . pisi in a p a t t e r n cor responding to
disease caused by the races a lso sug-
gested t h a t t o x i c i t y i s impor tant i n
s p e c i f i c i t y . U n f o r t u n a t e l y , l a t e r s t u d -
ies a long va r ious but s i m i l a r l i n e s
s t r o n g l y suggest t ha t t o x i c i t y o f exu-
dates to pathogens is not impor tant
e i t h e r i n r es i s t ance o r i n s p e c i f i c i t y .
There i s l i t t l e work w i t h exudates and
o t h e r diseases t h a t suggests o t h e r w i s e .
Th is lack o f good evidence f o r a c t i v i t y
aga ins t fungal pathogens is again some-
what s u r p r i s i n g , p a r t i c u l a r l y i n view
of c la ims t h a t exudates from roo ts of a 
wide v a r i e t y o f p l a n t s con ta in substances
t o x i c to b a c t e r i a and in view o f the
persuas ive evidence t h a t exudates from
roots o f c e r t a i n h igher p l a n t s decrease
roo t growth o f o t h e r h igher p l a n t s — t h e
w e l l - s t u d i e d a l l e l o p a t h i c e f f e c t s .
Formative Effects
Cer ta in s o i l - b o r n e pathogens i n f e c t plants
from s p e c i a l i z e d s t r u c t u r e s such as the
i n f e c t i o n cushions of Rhizootonia solani. 
There is some evidence t h a t f o rma t ion of
such s t r u c t u r e s is a p r e r e q u i s i t e f o r
i n f e c t i o n . I t has been c la imed t h a t i n -
f e c t i o n cushions of some s t r a i n s of R.
solani a re produced in response to exu -
dates from s u s c e p t i b l e , but not f rom r e -
s i s t a n t , p l a n t s . But i t i s a l so repor ted
t h a t a l though exudates do s t i m u l a t e f o r -
mat ion of i n f e c t i o n cush ions , they do so
n o n s p e c i f i c a l l y . Substances f rom roo ts
a l so promote f o rma t i on o f i n f e c t i o n cush-
ions by Helicobasidium purpureum. The
produc t i on of appressor ia by Colleto-
trichum spp. is a l so i n f l uenced by n u t r i -
e n t s , though not always in ways t h a t
would be expected. Thus, p e n e t r a t i o n of
membranes by C. phomoides may be increased
by added n u t r i e n t s , though fo rma t ion of
appressor ia is depressed, and we found
some years ago t h a t adding n u t r i e n t s to
suspensions of c o n i d i a of C. lindemuthia-
num g r e a t l y increased growth in and f rom
i n o c u l a t i o n drops on hypocoty ls but com-
p l e t e l y suppressed p e n e t r a t i o n and i n f e c -
t i o n . But we d i d not advocate t h i s as a 
method o f d isease c o n t r o l !
Effects Inside P lan ts
Let us assume t h a t a s o i l - b o r n e pathogen
has s t a r t e d to grow and to pene t ra te a 
p l a n t . What now are the main f a c t o r s
t h a t determine whether i t w i l l con t inue
to grow and cause disease? Aga in , almost
a l l the in fo rmat ion—and t h e r e i s a great
deal o f i t—concerns fung i t h a t are
f a c u l t a t i v e p a r a s i t e s . I t i s best c o n s i -
dered under two main head ings : (a) p r e -
formed substances t h a t decrease g rowth ,
and (b) fung i t o x i c substances t h a t a re
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newly syn thes ized in response to I n f e c -
t i o n o r t o o the r s t i m u l i , and t h a t w i l l
be r e f e r r e d to somewhat l oose ly as phyto-
a l e x i n s . I s h a l l not have t ime to r e f e r
to o the r substances, preformed or newly
syn thes i zed , such as l i g n i n , wh i ch ,
though not t o x i c as such, may l i m i t or
prevent growth o f pathogens in o the r
ways.
Preformed Substances
Subaer ia l pa r t s o f p l a n t s , as o t h e r par ts ,
o f t e n con ta in substances t o x i c t o m i c r o -
organisms. Resistance to s o i l - b o r n e
pathogens based on t h i s t o x i c i t y is easy
to conceive and has been the bas is of
much research and many c l a i m s . But ex-
cept f o r a few d iseases , the evidence is
not c o n c l u s i v e , because i t has not s a t i s -
f i e d the cond i t i ons t h a t must be met
before a s i g n i f i c a n t r o l e f o r a t o x i c
substance in r es i s t ance can be accepted .
These c o n d i t i o n s are as f o l l o w s :
• The substance must be present in
those t i ssues o f subaer ia l pa r t s
o f p l an t s t h a t the pathogen would
i n f e c t and c o l o n i z e .
• The substance must be present in
concen t ra t i ons i n which i t w i l l
decrease growth of the pathogen
s u f f i c i e n t l y t o e x p l a i n res is tance ,
though concen t ra t i ons a c t i v e in
v i t r o and in v i v o may d i f f e r
cons ide rab l y . Substances u s u a l l y ,
though not a lways, w i l l be more
a c t i v e i n v i t r o .
• The substance must be present in
a form in which i t i s a v a i l a b l e
or becomes a v a i l a b l e to the patho-
gen. E x t r a c t i o n may make a v a i l -
ab le substances t h a t o the rw ise
would not be , or cause in these
substances changes s i g n i f i c a n t to
t o x i c i t y . Usua l l y t o x i c i t y i s
increased by e x t r a c t i o n , but in
some c i rcumstances i t cou ld be
decreased.
• For p l a n t s w i t h d i f f e r e n t l e v e l s
of r e s i s t a n c e , t he re should be a 
good r e l a t i o n between these leve ls
and concen t ra t i ons o f a v a i l a b l e
substances. I f n o t , then why not?
These e x a c t i n g c o n d i t i o n s e x p l a i n
why It has been so d i f f i c u l t to show con-
v i n c i n g l y t h a t p a r t i c u l a r substances do
indeed f u n c t i o n in r e s i s t a n c e .
I s h a l l now r e f e r b r i e f l y to a few
examples in which reasonable or substan-
t i a l progress has been made In e s t a b l i s h -
ing a r o l e f o r preformed t o x i c substances
in d isease r e s i s t a n c e .
Phenols and pheno l i c g l ycos ides have
been we l l s t u d i e d in vascu la r w i l t s
caused by V e r t i c i l l i u m spp. and Fusa r ium
oxysporum and in common scab of po ta to
tubers caused by Streptomyces scabies. 
There is a l s o the e a r l y and much-quoted
example o f C o l l e t o t r i c h u m c i r c i n a n s ,
ou te r sca le leaves o f o n i o n s , and t h e i r
content o f fung i t o x i c catechol and p ro to -
ca techu ic a c i d , though these substances
probably ac t aga ins t t h i s pathogen mainly
i n su r face f i l m s o f water .
One of the b e s t - s t u d i e d diseases
from t h i s p o i n t o f v iew i s t a k e - a l l o f
wheat and o a t s , caused by Gauemannomyces 
g ramin is , the t r i t e r p e n e s avenacin A and
B found in o a t s , and the enzyme avena-
c inase , which i n a c t i v a t e s avenac ins.
Oats are r e s i s t a n t to G. graminis, which
does p a r a s i t i z e wheat and does not p r o -
duce the enzyme. In c o n t r a s t , va r .
catenae, which p a r a s i t i z e s o a t s , does
produce the enzyme, so t h a t the avenacin
in roo ts is made i n e f f e c t i v e , presumably
to the ex ten t t h a t growth o f va r . avenae 
i s s u f f i c i e n t t o cause d isease .
The a l k a l o i d s α - s o l a n i n e and α-chaco-
n ine may be s i g n i f i c a n t in the res i s tance
of po ta to tubers to Fusarium spp. Un-
sa tu ra ted lac tones have been i m p l i c a t e d
In a number of d i seases , no tab l y as the
t u l i p o s i d e s in t u l i p bulbs aga ins t F ,
oxysporum f. sp. tulipae and Botrytis 
c i ne rea . The cyanogenic g l y c o s i d e l i n a -
marin i n f l a x , r e f e r r e d t o e a r l i e r , has
a l s o been s t u d i e d as a preformed i n h i -
b i t o r , but w i t h i nconc lus i ve r e s u l t s .
D i a l l y l - d i s u l f i d e de r i ved from
a l l i I n ( S - a l l y l - L - c y s t e i n e - s u l f o x i d e ) ,
wel l -known f o r i t s h igh f u n g i t o x i c i t y ,
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may account f o r r es i s t ance of g a r l i c
bulbs to many species of Penicillium 
t h a t do not produce a l l l i n - l y a s e . Th is
enzyme is produced by P. corymbiferum,
which does a t t a c k g a r l i c ; i t s growth i s
not i n h i b i t e d by a l l i l n o r the products
o f i t s deg rada t i on .
For some t ime the mustard o i l s of
the C ruc i f e rae as es te r s o f i so th iocyan ic
a c i d , o c c u r r i n g main ly as g l u c o s i d e s ,
a t t r a c t e d a l o t o f a t t e n t i o n because o f
the h igh t o x i c i t y o f the ag lycones, the
i s o t h i o c y a n a t e s . E a r l i e r c la ims o f a 
r o l e f o r mustard o i l s i n r es i s t ance t o
c lub roo t caused by Plasmodiophora bras-
sicae were d iscounted by l a t e r work , but
the re is some evidence t h a t i s o t h i o -
cyanates are s i g n i f i c a n t in res i s tance
of roo ts to F. oxysporum. 
A p o i n t o f general i n t e r e s t is t h a t
many of the fung i t o x i c substances studied
in r e l a t i o n to r es i s t ance occur as g lyco-
s i d e s , which are less t o x i c than the
ag lycones. Glycosidases in host c e l l s
o r , indeed, from the pathogen, may t he re -
f o r e be impor tant in c o n t r o l l i n g the
amounts of aglycone re leased du r ing
i n f e c t i o n .
This leads to the next sec t i on in
which pathogens and p o s s i b l y o the r micro-
organisms induce the syn thes is by host
c e l l s o f t o x i c compounds.
Phytoalexins
Much of the research on phy toa lex ins has
been based on hypoco ty l s of va r ious
p l a n t s . Hypocoty ls are very convenient
to use because they are e a s i l y inoculated
to produce w e l l - d e f i n e d l es ions i n r e l a -
t i v e l y un i fo rm t i s s u e . Lesion deve lop-
ment can be r e a d i l y s t u d i e d , and e x t r a c -
t i o n made from t i s s u e from les ions and
from sur round ing t i s s u e , both ch lorophy l l -
f r e e . Th is means t h a t much of t he
l i t e r a t u r e on phy toa lex ins i s r e l evan t
to the sub jec t o f t h i s l e c t u r e , because
pathogens t ha t a t t a c k hypocoty ls are
o f t e n e i t h e r s o i l - b o r n e o r seed-borne
so t h a t they have to f u n c t i o n in s o i l .
S u r p r i s i n g l y , much less work has
been done w i t h r o o t s , which probably
produce phy toa lex ins as r e a d i l y as do
o t h e r pa r t s o f p l a n t s . Roots cou ld be
even b e t t e r models than hypocoty ls or
o t h e r pa r t s o f p l a n t s , because a g iven
volume of r o o t s presents many more l i v i n g
c e l l s t h a t cou ld reac t t o microorganisms
as inducers of s y n t h e s i s . Thus i t has
been es t imated t h a t roo ts of a 4-month-
o l d rye p lan t are about 600 km long in
t o t a l w i t h a sur face of about 240 m
2
 , 
a d d i t i o n a l l y w i t h about 14 x 10
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 r oo t
h a i r s , w i t h a t o t a l leng th of 4700 km
and a sur face of 400 m
2
 . It seems l i k e l y
t h a t roo ts as they move through s o i l w i l l
s t i m u l a t e a c t i v i t y lead ing t o growth o f
a p r o p o r t i o n of t he many microorganisms,
i n c l u d i n g the pathogens t h a t they e n -
coun te r . The re fo re , the h igh frequency
o f t h i s a s s o c i a t i o n between l i v i n g c e l l s
of roo ts and s o i l microorganisms would
lead repea ted ly to the syn thes is o f phyto-
a l e x i n s . Bu t , though the prospect i s
e n t i c i n g , we have l i t t l e i n f o rma t i on as
to whether t h i s does happen.
For a few diseases of h y p o c o t y l s ,
the re is now q u i t e good evidence t h a t
accumulat ion of one or more phy toa lex ins
a t s i t e s o f r e s i s t a n t r eac t i ons can ex-
p l a i n why a pathogen causing the r e -
a c t i o n does not con t inue to grow, a l -
though i t may remain a l i v e . Even so ,
some p l a n t p a t h o l o g i s t s see no r o l e f o r
phy toa lex ins in disease r e s i s t a n c e . As-
suming a r o l e , many problems s t i l l remain.
I s h a l l ment ion on ly a few of the more
impor tan t . F i r s t , where are phytoalex ins
syn thes ized i n r e l a t i o n t o the p o s i t i o n
o f induc ing microorganisms in the p l a n t
o r even o u t s i d e the p lan t? In a lmost a l l
cases s t u d i e d so f a r , a few host c e l l s
are u s u a l l y k i l l e d , and phy toa lex ins
l o c a l i z e d a t the i n f e c t i o n s i t e . Are
they produced on l y by t he k i l l e d c e l l s ,
in which they are c e r t a i n l y found ,a re
they produced on l y by ad jacen t l i v i n g
c e l l s , f rom which they then move i n t o
the k i l l e d c e l l s , o r are they produced
by both? Considerable t e c h n i c a l d i f f i -
c u l t i e s are invo lved i n r e s o l v i n g these
q u e s t i o n s , but f o r a few diseases i t now
seems very l i k e l y t ha t phy toa lex ins are
syn thes ized by l i v i n g c e l l s c l ose to
c e l l s i n f e c t e d and k i l l e d by pathogens.
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For r o o t s , t h e r e f o r e , and, to a lesser
ex ten t f o r h y p o c o t y l s , we should ask how
o f t e n n o n v i r u l e n t pathogens cause very
r e s t r i c t e d les ions such as a re a s s o c i -
a ted w i t h syn thes is o f p h y t o a l e x i n s . I f
t h i s happens f r e q u e n t l y enough, what are
the e f f e c t s on l a t e r i n f e c t i o n by pa tho-
gens? And, of cou rse , we must a l so ask
whether there are s i m i l a r r eac t i ons to
the microorganisms we c lass as sapro -
phy tes , p a r t i c u l a r l y i f these pass i n t o
xylem pass i ve l y a t wounds or o the r s i t e s .
A r e l a t e d p o i n t o f i n t e r e s t is as
f o l l o w s : in les ions on h y p o c o t y l s , accu-
mu la t i on o f phy toa lex ins i s l a r g e l y con-
f i n e d to the l e s i o n and cont iguous
t i s s u e , at l eas t in some d iseases. In
smal l roo ts are c o n d i t i o n s so d i f f e r e n t
t ha t phy toa lex ins would be c a r r i e d from
les ions to a c t s y s t e m i c a l l y elsewhere?
Aga in , t h i s i s an i n t r i g u i n g p rospec t .
Another set of problems, even more
d i f f i c u l t , concerns the e a r l y i n t e r -
a c t i o n s between pathogen and host c e l l s ,
the t r i g g e r i n g or enhancement of pathways
invo lved in the syn thes is o f phy toa lex ins ,
and then t h e i r accumulat ion and break-
down. Here t he re is the pe rp lex ing f a c t
t ha t in some h igher p lan t s syn thes is is
induced by a wide v a r i e t y of un re la ted
substances, w i t h a lack o f s p e c i f i c i t y
tha t c o n t r a s t s s t r i k i n g l y w i t h the spec i -
f i c i t y o f most h o s t - p a r a s i t e r e a c t i o n s ,
though I suppose one cou ld mention in
passing t ha t t h i s s p e c i f i c i t y may be
somewhat less pronounced f o r s o i l - b o r n e
than f o r o the r pathogens. In s p i t e o f
much work, no one, to my knowledge, has
yet ob ta ined from pathogens w i t h d i f f e r -
ent c a p a c i t i e s to cause disease in a 
range of p l a n t s , substances, or even
c e l l - f r e e p r e p a r a t i o n s , t h a t unequ i -
v o c a l l y cause disease symptoms and the
accumulat ion o f phy toa lex ins in pa t te rns
s i m i l a r to those caused by the pathogens.
But t h i s problem is now being s tud ied
i n t e n s i v e l y , so we may not have to w a i t
much longer f o r such substances. Recent
work in t h i s f i e l d has, however, led to
the i s o l a t i o n from fung i and o the r m i c r o -
organisms of the substances somewhat
loose ly c a l l e d e l i c i t o r s , which induce
syn thes is o f phy toa lex ins in very low
c o n c e n t r a t i o n s . The best c h a r a c t e r i z e d
are the glucans from Phytophthora mega-
sperma va r . sojae. U n f o r t u n a t e l y , they
are n o n s p e c i f i c inducers o f s y n t h e s i s ,
so t h a t t h e i r r o l e in d isease caused by
t h i s pathogen is u n c e r t a i n . However,
the b i o l o g i c a l a c t i v i t y o f the glucans
is so h igh t h a t one must ask whether they
have a more general r o l e in the i nduc t i on
of r e s i s t a n c e . Even i f they do n o t , they
c e r t a i n l y demand a t t e n t i o n as agents in
the p r a c t i c a l c o n t r o l o f d isease.
E a r l i e r , I r e f e r r e d to the p o s s i -
b i l i t y t h a t the repeated a s s o c i a t i o n be t -
ween roo ts and microorganisms leads to
the accumulat ion o f phy toa lex ins t h a t
would increase r e s i s t a n c e , e s p e c i a l l y i f
the phy toa lex ins moved some d i s tance from
s i t e s of s y n t h e s i s . But ano ther , and
poss ib l y more l i k e l y , mechanism o f i n -
duced res i s t ance is as f o l l o w s . I n f ec -
t i o n l o c a l i z e d to a few c e l l s may cause
changes in nearby c e l l s t h a t lead not so
much to syn thes i s of phy toa lex ins as to
changes such t h a t these c e l l s w i l l now
react to l a t e r i n f e c t i o n by v i r u l e n t
pathogens as they would to a v i r u l e n t
pathogens. The changes cause g e n e t i c a l l y
s u s c e p t i b l e host c e l l s to react as do
g e n e t i c a l l y r e s i s t a n t c e l l s . Again there
is the prospect t ha t the f a c t o r s t ha t
induce such changes may move from s i t e s
o f p roduc t i on in roo ts to ac t system-
ical ly elsewhere and tha t we may be ab le
t o s t i m u l a t e t h i s a c t i v i t y w i t h o the r
substances.
The l a s t p o i n t is one t ha t is made
repea ted l y , but j u s t i f i a b l y , because o f
i t s impor tance. Only a few of the many
p o t e n t i a l pathogens tha t c o n s t a n t l y
cha l lenge p l an t s a c t u a l l y i n f e c t and
cause d i sease . This may be even more
s i g n i f i c a n t f o r subaer ia l pa r t s o f p l an t s ,
e s p e c i a l l y r o o t s , than f o r o t h e r par ts
o f p l a n t s , because c o n d i t i o n s i n s o i l
may increase g r e a t l y the f requency of
such encoun te rs . But i n f e c t i o n s u f f i -
c i e n t l y se r ious to cause what we recog-
n i ze as d isease is r a r e . Th is can on l y
mean t h a t apa r t f rom the s p e c i f i c mecha-
nisms of d isease r e s i s t a n c e , which are
by f a r the more s t u d i e d , t he re a re non-
s p e c i f i c mechanisms t h a t ac t c o n s t a n t l y ,
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almost c e r t a i n l y are induced, and are
t h e r e f o r e the most impor tant form of
res i s t ance in p l a n t s . These mechanisms
deserve much more study because, p r e -
sumably, d isease occurs on l y when a 
pathogen f a i l s t o invoke t h i s r es i s t ance
in a p l a n t which we cons ider suscep t i b l e .
We need to determine how t h i s happens.
Then we may be ab le to a l t e r a p l a n t so
tha t i t becomes ab le to ac t aga ins t the
v i r u l e n t as i t does to the m u l t i t u d e of
a v i r u l e n t pathogens.
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Host-Parasite Relationships with Special Reference to
Rhizoctonia Spp.: A Review
Rhizoctonia solani Kuehn (Thanatephorus
cucumeris (Frank) Donk.) and Rhizoctonia 
batatioola (Taub.) B u t l e r (Macrophomina
phaseolina (Tass i ) Gold.) are d i v e r s e ,
omnipresent p l a n t pathogens, usua l l y
s o i l - b o r n e , but a l so seed-borne in many
crops .
Rhizoctonia solani is an e x c e l l e n t
saprophy te , e x i s t s p r i m a r i l y in the vege-
t a t i v e s t a t e , and overseasons p r i m a r i l y
as s c l e r o t i a . I t is a c t i v e over a wide
range of tempera tures , but h igh mois tu re
leve l s are necessary f o r i t s p e n e t r a t i o n
and c o l o n i z a t i o n . Macrophomina phaseo-
lina is a poor compet i to r in the s o i l
and e x i s t s p r i m a r i l y as s c l e r o t i a . Warm,
dry cond i t i ons are f avo rab le f o r deve-
lopment o f the charcoal r o t i t causes.
A repo r t on the s t a t e of the know-
ledge of R. solani was pub l i shed in 1970
(Parmeter 1970), and an annotated b i b l i o -
graphy (1977) and review of the l i t e r a -
t u re on R. bataticola (1978) were pub-
l i s h e d by Dhingra and S i n c l a i r . In deve-
l op ing methods o f screen ing f o r r e s i s -
tance to these pathogens, a number of
f a c t o r s must be taken i n t o c o n s i d e r a t i o n ,
i n c l u d i n g the h o s t - p a r a s i t e r e l a t i o n s h i p .
Activity Before Penetration
This sub jec t has been reviewed f o r R.
solani by Dodman and F l e n t j e (see Par-
meter 1970), who concluded t h a t p l a n t
exudates i n f l uence the development of
R. solani be fore p e n e t r a t i o n and proba-
b l y p rov ide b e t t e r o p p o r t u n i t i e s f o r
p e n e t r a t i o n and i n f e c t i o n . The a c t i v i t y
of M. phaeeolina was summarized by
Dhingra and S i n c l a i r (1978) who wrote
t h a t va r i ous compounds s t i m u l a t e s c l e r o -
t i a ge rm ina t i on . Crude roo t exudates
and sugar f r a c t i o n s from okra roo t s were
shown to s t i m u l a t e s c l e r o t i a l germinat ion
and myce l i a l growth of M. phaseo l ina ,
and amino ac ids were found to be i n h i -
b i t o r y (Goel 1975). An u n i d e n t i f i e d
substance from dry whole pea seeds par -
t i a l l y i n h i b i t e d germina t ion o f s c l e r o -
t i a of R. solani ( P f l e g e r and Harman
1975).
The use of va r ious he rb i c i des and
nemat ic ides can a f f e c t the inc idence and
s e v e r i t y o f Rhizoctonia seed l i ng d iseases.
The h e r b i c i d e diphenamid enhanced c o l o -
n i z a t i o n of bean stem segments by R.
solani In n a tu ra l s o i l and suppressed
s o i l microorganism r e s p i r a t i o n and g l u -
cose u t i l i z a t i o n i n glucose-amended s o i l ,
but i t slowed down the decrease in t ime
of R. solani c o l o n i z a t i o n and d isease
inc idence (Katan and Eshel 1974). T r i -
f l u r a l i n and d inoreb reduced hypocoty l
c e l l u l o s e c o n t e n t , methy la ted p e c t i n and
reduced res i s tance to p e n e t r a t i o n , and
reduced l e v e l s o f phy toa lex ins o f snap
beans (Romig and Sasser 1972). Neubauer
and Avizohar-Hershenson (1973) showed
tha t a l though t r i f l u r a l i n cou ld suppress
the growth o f R . solani i n v i t r o , i t i n -
creased the inc idence o f seed l i ng disease
in c o t t o n ; G r i n s t e i n , Katan, and Eshel
(1976) c la imed t h a t r es i s tance to R.
solani in bean was not a f f e c t e d by t r i -
f l u r a l i n , n i t r a l i n , o r b u t r a l i n , but was
decreased by d i n i t r a m i n e . Growth of R.
solani in v i t r o , c o l o n i z a t i o n o f bean
stems and of sugar beet seeds were less
in the present o f the h e r b i c i d e cyc l oa te
(Campbell and Altman 1977). The nemat i -
c ide a l d i c a r b increased damping-of f o f
sugar beet but l i m i t e d the growth of R.
solani i n v i t r o ( T i s s e r a t e t a l . 1977).
Other f a c t o r s t ha t can a f f e c t d i s -
ease inc idence are the i s o l a t e s used,
c u l t i v a r , s o i l mo is tu re (should be above
70% m o i s t u r e - h o l d i n g c a p a c i t y ) , pH (should
be above 6 . 6 ) , and o rgan i c mat ter content
used as Inoculum (Lewis and Papavizas
1977). Warren (1973, 1975) found t h a t low
concen t ra t i ons o f inoculum were s u f f i c i e n t
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f o r tes t se lect ion of lima beans f o r
resistance to R. solani and that hypo-
coty l ro t of lima bean was highest when
so i l was Inoculated w i th diseased lima
bean leaf t issue and lowest w i th root
t issue. The highest inoculat ion density
of R. solani was found a f t e r t issue of
the f i r s t bean crop was plowed under,
w i th root ro t being more pronounced in
the second p lant ing (Papavizas et a l .
1975).
The use of r i ce hu l l s was bet ter
than sawdust In reducing seedling d i s -
ease caused by R. solani of bean and
tomato (Mian and Khan 1974), as was the
use of Trichoderma viride on lima bean
and peas (Mal i 1976). The surv iva l of
bean plants grown in so i l in fected w i th
if. solani was increased w i th added N and
P ( S i r r y , Higazy, and Farahat 1974).
Combined in fec t ion of R. solani and
the root-knot nematode was more severe
on cotton seedlings than e i the r alone
(Carter 1975).
Penetration
The mode of penetrat ion into plants by
R. solani was reviewed in de ta i l by
Dodman and Flent je (see Parmeter 1970);
penetrat ion by M. phaseolina, by Dhingra
and S i n c l a i r (1978). Khadga et a l .
(1963) deta i led the penetrat ion of co t -
ton seedling hypocotyl by R. solani 
(F ig . 1). Entry by both fungi may occur
d i r e c t l y through the c u t i c l e and epider-
mis, w i th or wi thout complex organized
in fec t ion cushions and in fec t ion pegs
(F ig . 2 ) ; entry may also occur through
wounds and natural openings. Some iso-
lates may vary in the preferred mode of
penet ra t ion, others may penetrate the
same host in several d i f f e ren t ways.
Cutinase
It has been shown that R. solani secretes
cutinase (Baker and Bateman 1978), but
it is not c lear whether M. phaseolina 
secretes cut inase.
Enzymes
Both fungi have been shown to produce
polygalacturonase, pect in methylesterase,
and c e l l u l y t i c enzymes. Absolute proof
is lack ing , but evidence suggests that
R. solani produces proteases. Ramasami
and Shanmugam (1976) showed that M.
phaseolina produced pec to l y t l c and ce l l u -
l y t i c enzymes in v i t r o and in infected
cotton seedling hypocotyl t i ssues.
Toxins
A number of reports of nonenzymatic phy-
to tox ins in cu l tu re f i l t r a t e s of R. solani 
have been made by Bateman (see Parmeter
1970). Dhingra and S inc la i r (1978)
reviewed the ro le of toxins in disease
development of M. phaseolina, which is
not yet wel l understood.
Establishment and Host Response
Establishment
The establishment of both Rhizoctonia 
spp. is s im i l a r and has been summarized
by Parmeter (1970) fo r R. solani and fo r
M. phaseolina by Dhingra and S i n c l a i r
(1978). Both fungi may penetrate e i the r
in te r - or i n t r a c e l l u l a r l y , depending
upon iso la te used and host t i ssue . Pene-
t r a t i o n may proceed rap id ly or s lowly,
but it is usual ly accompanied by t issue
disorganizat ion and c e l l l ys is in advance
of the hyphae (F ig . 1). M. phaseolina 
w i l l form sc le ro t i a in xylem vessels
(F ig . 3) . This has not been reported
for R. solani. 
Host Response
Phytoalexin type of resistance mechanisms
have been studied only recent ly . Smith
et a l . (1975) iso la ted four phytoalexins
from R. solani- in fected bean hypocotyls
bearing lesions of d i f f e r e n t ages, and
studied accumulation w i th time and con-
cluded tha t phytoalexins played a ro le
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in disease resistance. One of the phy-
toalexins studied by several workers is
k lev i tone , which occurs in the hypo-
coty ls of bean infected w i th R. solani 
(Smith et a l . 1973, 1975; Smith 1976,
1978). They found that it can be i n -
duced wi th CuCl2 in bean pods, i nh ib i t s
R. solani in v i t r o , and has a ro le in
loca l i z i ng the fungus in les ions. Puep-
pke and Van Etten (1975) found that con-
centrat ions of p i so t in increased in R.
solani-infected tissues up to 6 days
a f t e r inoculat ion and that the concen-
t r a t i o n was great enough a f te r 2 days
to i nh i b i t the test fungus in v i t r o .
The concentration of phaseolin and phenyl-
alanine ammonia-lyase increased in bean
hypocotyls and roots of R. solani-
res is tant cu l t i va rs in response to i n -
fec t ion by the fungus and both compounds
inh ib i t ed the growth of the test fungus
in v i t r o (Prasad and Weigle 1975).
Other compounds that increased in cotton
seedlings in response to in fec t ion by
R. solani were catechnin, which i n a c t i -
vated pect ic enzymes (Hunter 1974) and
seven terpenoid compounds (Hunter et a l .
1978).
Khoury and Alcorn (1973) showed that
carbohydrate concentration increased in
cotton seedlings infected w i th R. solani 
up to the f i r s t leaf stage and may have
a ro le in pathogenesis as wel l as i n -
creasing the s u s c e p t i b i l i t y of infected
plants to other fung i .
Host Resistance
It has been shown that black-seeded c u l -
t i va rs of bean are res is tant to R. solani, 
whi le white-seeded cu l t i va rs are sus-
cep t i b l e . Prasad and Weigle (1975)
showed that ext racts of black-seeded
types contained phenols that inh ib i ted
R. solani. Wyatt (1977) showed that
white-seeded cu l t i va r s had larger ce l l s
wi th greater porosi ty than pigmented-
seeded ones and that the former absorbed
water fas ter than the l a t t e r .
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Figure 1. Penetration and colonization of cotton seedling hypocotyl tissues by Rhizoctonia solani: (A) aggregation
of hyphal side branches; (B) aggregation of hyphal terminal branches; (C) knottin of a single hypha and
(D) aggregation of several hyphae forming an infection cushion (all x340).. (E-H) Transverse and cross-
sections of cotton seedling hypocotyl tissues showing: (E) infection peg (i) of R. solani in epidermal
cell lumen (x770); (F) growth of invading hyphae in cortical cells; (G) cross-section of infected cortical
cells showing cross-section of invading hyphae (h) (x340); and (H) cuticle (c) separated from epidermal
cells; note initial lesion formation (x340). (source Khadga et al. 1963)
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Figure 2. Soybean root tissue infected with Macrophomina phaseolina: above penetration of the primary cell walls
(HW) separating two cortical cells [Note the distinction of the host cell wall (HW) and the middle
lamella (ML) (arrow) and the collection of electron dense material (EDM) at the point of wall penetration
and on the fungal strand (F)]. The host cytoplasm (HC) in the fungal colonized cells is disorganized
(x 54,000); below penetration through the thickened portion of a host cell wall (HW) by the production of
a narrow infection peg. [Note the lack of an inward bending of the laminated areas in the host wall
(HW) (x54,000)]. (Source: Ammon et al. 1974).
Figure 3. Photomicrograph of a cross-section of a soybean stem infected with Macrophomina phaseolina showing
sclerotia of the fungus in xylem vessels (x320) (Source: llyas and Sinclair 1974).
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Discussion — Session 3 
Chairman : H.K. Saksena
Rapporteur : P. Subramanyam
Wood : Much work has been done on
root exudates and the i r in-
fluence on pathogens; has
anybody demonstrated the
spec i f i c e f fec ts of root
exudates on the pathogen?
Hubbeling : What about the work done at
Rothamsted?
Wood : Wel l , I don' t th ink that
they have demonstrated any
spec i f i c e f fec ts of root
exudates on pathogens. Dr.
Zentmeyer from Cal i fo rn ia
published a lo t of work on
root exudates and the i r
spec i f i c e f fec ts on Phytoph-
thora cinnamomij but now he
has withdrawn his claim.
Abawi : Potato root exudates st imu-
la te eggs of the golden
nematode to hatch.
Wood : Wel l , it is d i f f i c u l t to say.
The rest ing spores of Plasmo-
diophora brassicae do germi-
nate when these come into
contact w i th root exudates
of the members of family
Brassicae. But is it a 
spec i f i c response? I do not
know.
S inc la i r : It is known that soybean
root exudates st imulate the
germination of sc le ro t ia of
Maerophomina phaseolina. 
Wood : I agree: Cole-Smith and his
coworkers also demonstrated
that exudates of Allium spp.
st imulate the germination of
s c l e r o t i a , but do not have
any spec i f i c e f f ec t .
Kraft : What about F len t je 's work
wi th Rhizoctonia solani?
Wood : F lent je has undoubtedly shown
that root exudates have a 
st imulatory e f f e c t , but i t
is not spec i f i c .
Saksena : Yes.
Haware : We have some evidence to show
that root exudates show
s p e c i f i c i t y . The root exu-
dates co l lec ted from a w i l t -
susceptible chickpea cu l t i va r
showed a st imulatory e f fec t
on c o n i d i a l ; the exudates
col lected from the res is tant
c u l t i v a r showed inh ib i t o ry
e f fec t on spore germination.
Wood : On chlamydospores?
Haware : Not on chlamydospores. We
have tested only micro and
macroconidia.
Wood : Are the conidia important in
the i n i t i a l in fec t ion by
Fusarium oxysporum? Do they
survive as such in so i l?
Abawi : Most conidia of F. oxysporum 
when added to the s o i l become
shor t ly converted to chlamy-
dospores.
Wood : Can you get conidia from the
so i l?
Haware : Yes.
Abawi : I do not th ink that conidia
can survive for long periods
in natural s o i l ; chlamydo-
spores are probably the sur-
v i v ing u n i t .
Wood : Do you get chlamydospores
also?
Haware : We do get chlamydospores from
the s o i l .
Wood : Have you published th is?
Haware : This is j u s t a prel iminary
observat ion.
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Kraft : Wel l , seed is a good source
of food fo r fung i . Hypo-
geous seeds l i k e pea are more
rap id ly attacked and de-
stroyed by fungi because they
are under the s o i l .
Wood : I th ink you are r i g h t .
Abawi : I have one comment on Prof.
Wood's presentat ion: I t
seems to me that some of the
research e f f o r t s on physi-
ology of disease might wel l
lead to information that can
be used in a prac t ica l
manner; e . g . , i f a phyto-
a lex in can be shown to be
the factor responsible fo r
disease resistance in a host
p lan t , wouldn' t i t be possi -
ble that a screening proce-
dure can be developed, based
on determining the amount
and speed of accumulation of
such a phytoalexin?
Wood : Bet ter put the pathogen on
the host and tes t the re-
act ion rather than searching
fo r phytoalexins.
Abawi : I am only suggesting that
some of the side benef i ts of
such research e f f o r t s can be
prac t i ca l and feas ib le under
cer ta in condi t ions.
Wood : Take a genet i ca l l y suscept i -
b le p lant and induce res i s -
tance; I hope that is one of
the approaches to get res i s -
tance.
Nene : Could Dr. S inc la i r throw
some l i g h t on Ridomil? These
seed treatments w i th minute
quan t i t i es can give control
of downy mildew and other
phycomycetous fungi fo r a 
long per iod. Does t h i s
l i t t l e quant i ty t r i gge r the
mechanism w i t h i n the plant
system that makes the plant
almost immune? Has some
work been done on th is? I 
th ink it is a more log ica l
way of th ink ing because of
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Wood : What is a saprophyte? This
may be an academic quest ion.
Take, for example, Penicil-
lium: there are several
hundred species but only a 
few of them are pathogens—
for instance, P. digitatum 
on lemon; P. expansion on
apples. Another in te res t ing
fungus is Aspergillus; A.
niger is the c lass ica l ex-
ample. To my knowledge it
is a pathogen only on ground-
nut.
Chohan : I doubt t ha t . Aspergillus 
niger is a pathogen on
several f r u i t s . In Punjab,
we have observed several
f r u i t rots caused by A. niger.
Al len : It also causes bulb rot in
onions.
Chohan : Yes, it can.
Hubbeling : I would l i k e to comment on
A. niger. With reference to
the work on Pyrenochaeta 
lycoperc ic i , no r o t t i n g was
observed when mycelial mat
was added to the s o i l , but
when the l iqu id cu l tu re which
s t i l l contains lo ts o f sugar
was added, It favored A.
niger growth in s o i l , causing
r o t t i n g of young tomato
seedl ings.
Wood : I would l i k e to know how the
l i v i n g ce l l s o f roots res-
pond to the saprophytes in
the s o i l . Do they t r i g g e r
phytoalexin formation in the
roots?
Chohan : Yes, that is why we have
less root ro t in groundnut,
because the saprophytes
t r i g g e r phytoalexin produc-
t i on in roots , as also on
immature pods in s o i l . Our
researches do indicate th is
type of mechanism in nature.
Wood : Can you t e l l me why pea
cotyledons are attacked
rap id ly and destroyed by
microorganisms?
the minute quant i ty involved
and the time span for which
i t remains e f f ec t i ve .
Hagedorn : The amount is very small and
plant is b i g .
Kraft : Why should we take a suscep-
t i b l e plant and induce resis-
tance rather than studying
the res is tant plant d i r e c t l y ,
which is simpler? Another
in te res t ing l i ne is tox ins :
I th ink we have to pursue
the tox in aspects a lso.
Al len : I th ink there are many other
ways of mechanisms of res is -
tance.
Wood : I agree wi th you Dr. A l len .
In many cases, plant patholo-
g is ts neglect the study of
v i ru lence. Take, for example,
cabbage lea f , which is res is -
tant to many microorganisms.
Even if you inoculate the
leaves wi th con id ia , I do
not know whether the conidia
germinate or not. But the
same conidia germinate in a 
drop of water on glass sl ides.
What is the mechanism? We
do not know. If they do not
germinate on cabbage leaves
I want to know why they have
not germinated. I suggest
we s ta r t w i th a genet ica l ly
susceptible c u l t i v a r and i n -
duce resistance, which lasts
longer.
Al len : Induced resistance is easy
to demonstrate in the glass-
house but i t s ro le in the
f i e l d is harder to measure.
Hubbeling : The s p e c i f i c i t y of phyto-
alexins in host-parasi te
re lat ionships is not t rue.
For instance, in peas, even
a l i t t l e mechanical damage
to host t issues stimulates
phytoalexin production.
Wood : Can you give me an example
fo r hor izontal resistance
that is funct ional? I know
Dr. van der Plank quotes
t h i s but he would not give
any examples. On chickpea,
you get heavy hairs that
prevent the germination of
spores of Ascochyta.
Nene : Dr. M.V. Reddy did some work
wi th chickpea leaf exudates.
Reddy : There is no s p e c i f i c i t y : the
exudates both from res is tant
and susceptible cu l t i va rs
behaved s i m i l a r l y .
Nene : That i s , we could not con-
f i rm e a r l i e r claims.
S inc la i r : Soybean cu l t i va rs w i th sl ight
pubescence on the pods showed
fewer lesions and less seed
decay due to Phomposis sojae 
than cu l t i va r s w i th pods
heavi ly covered wi th ha i r s .
Saksena : Phytoalexin production has
been shown only In a very
small number of host-pathogen
combinations. What is the
p o s s i b i l i t y that phytoalexin
is being produced in other
host-pathogen combinations?
Wood : Work is going on in various
laborator ies on the response
of cereals to av i ru len t
pathogens, which leads to
very rapid I ign i f i ca t ion .
This is not d i r e c t l y re lated
to phytoalexins, but is a 
s t imulat ion of host physi -
ology that makes host ce l l
wal ls more res is tant to
penetrat ion.
Will iams : I would l i k e to make two
comments: F i r s t , Dr. Nene
mentioned that Ridomil pro-
tects the plant fo r a long
per iod. I th ink in the case
of seed dressing to control
pearl m i l l e t downy mildew
the control is probably dur-
ing the f i r s t 15 to 20 days
as th is is the period that
the plant is vulnerable to
i n f e c t i o n . I do not th ink
that there is any induced
resistance.
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Nene : What about necro t ic lesions
la te r in the season?
Wil l iams : We have not observed any:
so far no information is
ava i lab le .
My second comment is I th ink
that it is wrong to screen
for a mechanism of r es i s -
tance, because we w i l l miss
some good cu l t i va r s that
have resistance by other
means. We should challenge
the host wi th the pathogen
and l e t the host in tegrate
a l l factors cont r ibu t ing to
resistance.
Abawi : In my previous comment, I 
was not suggesting that the
mechanism of res is tance, i f
known, should be used as an
a l t e rna t i ve screening method.
I was only re fe r r ing to the
possible prac t ica l benef i t
and use.
Wood : Phytoalexins are very i n te r -
est ing organic compounds in
the sense that they have a 
very strong fungic ida l action
and complex organic molecules-
I do not th ink any f i rm can
take up the manufacture of
phytoalexins in the near
fu tu re . But there is some
remote p o s s i b i l i t y of phyto-
a lex in production by t issue
cul tures commercially.
Singh : Can we expect the roots to
exude phytoalexins into the
surrounding so i l ?
Wood : Possible! I do not know.
Singh : For example, Vitavax is not
e f f e c t i v e against Pythium or
any other phycomycete f ung i :
but when we apply Vitavax. as
seed dressing we do f i n d
reduced populations of
Pythium fo r some time around
the seed and damping-off is
also considerably reduced.
We t r i e d to cor re la te w i th
rhizosphere m ic ro f lo ra ,
p a r t i c u l a r l y actinomycetes,
but there was no s i g n i f i c a n t
d i f fe rence .
Al len : Has anybody looked into the
synthesis of phytoalexins in
the roots in response to
Rhizobium in fect ion?
S inc la i r : I th ink that the presence of
red pigments in soybean roots
is re la ted to the accumu-
la t i on of phytoalexins in
the roots.
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Laboratory/Glasshouse Screening
Laboratory/Glasshouse Screening for Identifying Resistance
to Soil-borne Diseases in Beans
Many so i l -borne diseases, occurr ing a l l
over the world where beans are grown,
at tack also some other crops. The causal
fungi of such widespread diseases are,
Pythium spp. , Rhizoctonia solani, Thie-
laviopsis basicola, and Sclerotinia 
sclerotiorum. Soi l -borne fungi wi th a 
worldwide d i s t r i b u t i o n , adapted to
Phaseolus beans on ly , are Fusarium solani 
f. sp. phaseoli and Fusarium oxysporum 
f. sp. phaseoli. Two so i l -borne fung i ,
occurr ing exc lus ive ly in the t ropics and
at tack ing many other crops, such as
sweet potato, maize, and several grasses,
are Macrophomina phaseoli and Sclevot ium
rolfsii. Development of resistance to
these t rop ica l fungi in beans seems to
be very d i f f i c u l t , even impossible. Much
research has been devoted to resistance
in beans to Fusarium solani f. sp.
phaseoli. Also the resistance to some
less special ized f u n g i , such as Rhizoc-
tonia solani and Pythium received the
a t ten t ion of bean breeders and patholo-
g i s t s . In most cases, select ion is
car r ied out in heavi ly infested f i e lds
or in na tu ra l l y infested so i l in a green-
house. Often several fungi are involved
in the " n a t u r a l " roo t - ro t complex, and
iden t i f y i ng resistance to each component
separately is d i f f i c u l t . For th i s pur-
pose, laboratory or greenhouse screening
wi th pure cul tures of the d i f fe ren t fungi
is necessary. This implies a study of
the genetic va r ia t i on of plants and fungi,
and control of several environmental
condi t ions a f t e r inoculat ion of seed-
l i ngs . The aim of such screening is to
enable handling of thousands of seed-
l ings in a short time and a l im i ted space
to i den t i f y resistance e f f i c i e n t l y at an
ear ly stage. The p o s s i b i l i t i e s and
d i f f i c u l t i e s o f t h i s " a r t i f i c i a l t es t i ng "
w i l l be discussed in d e t a i l .
Genetics of Plant and Parasite
Resistance in a plant should involve an
inher i tab le character that prevents
serious at tack by a parasi te and con-
sequent y i e l d losses. In other words,
the genetic base of resistance has to be
proven w i th in the genetic va r i a t i on of
the paras i te . Accessions of w i l d mate r i -
al of p r im i t i ve o r i g i n of ten exh ib i t a 
wide va r ia t i on in react ion to a paras i te ;
segregation of res is tant and suscept ible
plants might be expected. In t h i s case,
the population mainly consists of homo-
zygous res is tant and homozygous suscept i -
ble p lan ts . In populations from crosses
between res is tant and susceptible p l a n t s ,
many heterozygous plants can be expected.
Whether the resistance can be ca l led
dominant or recessive depends on the
nature of react ion of hybrid p lants . I f
the resistance is dominant, heterozygous
plants are also res i s tan t , and select ion
can be made using any a rb i t r a r y breeding
scheme.
If resistance is recessive, hybrids
between res is tant and susceptible plants
are suscept ib le , and segregation of
res is tant plants in the progeny is s t i l l
possible. Sometimes hybrids exh ib i t
intermediate react ions, ind icat ing i n -
complete dominance or quan t i ta t i ve i n -
heri tance of resistance.
In general , the genetic va r ia t ion
of so i l -borne pathogens seems to be
rather wide; considerable di f ferences in
v i ru lence are qu i te common. Consequently,
resistance is mostly r e l a t i v e l y s tab le .
The occurrence of very v i r u l e n t races of
a parasi te and breakdown of resistance is
uncommon. However, in pure c u l t u r e , so i l
fungi o f ten decl ine a f te r some t ime,
necessi tat ing many precautions to keep
the pathogenici ty at a high l eve l .
Environmental Conditions
Several environmental condit ions play an
important ro le in in fec t ion and expres-
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sion of symptoms. Reactions are s t rong-
ly inf luenced by temperature, humidi ty ,
and aerat ion of the s o i l or the substrate
in which the roots are developing. The
pH and chemical composition of the s o i l ,
as wel l as qua l i t y and durat ion of l i g h t ,
also a f f e c t the react ions.
Physiology and Relation of Host
and Parasite
The react ion of the plant changes, de-
pending on d i f f e r e n t phases of growth.
Germinating seeds and young seedlings
are of ten attacked before emergence by
fungi such as Pythium spp., Thielaviopsis 
basicola. or Rhizoctonia basicola under
unfavorable condi t ions. In t h i s very
f i r s t vegetat ive phase the development
of the roots and the hypocotyl has to be
f u l l y supported by reserve food in the
cotyledons; consequently, a t tack of the
cotyledons means a general weakening of
the seedl ing. Not u n t i l development of
the primary leaves does th i s c r i t i c a l
phase end. The formation of the root
system f a i r l y stops as soon as the plant
s ta r t s to f lower . The beginning of the
generative phase is at the same time as
the end of root nodulat ion by n i t rogen-
f i x i n g bacter ia . The a c t i v i t y of these
bacter ia is only possible as long as a i r
is penetrat ing s u f f i c i e n t l y in to the
so i l around the roots and assimi lates
are transported to the roots. Attack of
the root nodules resu l ts in a fu r ther
weakening of the p lants . Moreover,
la tent in fect ions of tap roots and stem
base, fo r example, by Fusarium so lan i ,
might lead to decay as soon as defense
mechanisms stop funct ion ing due to lack
of ass imi la tes . I t is possible that the
longer the vegetat ive phase cont inues,
the longer the regeneration of roots
occurs by advent i t ious root ing of the
hypocoty l . Therefore i t is important to
d is t ingu ish between the genotypic and
phenotypic resistance mechanisms of the
host -paras i te r e l a t i o n . Whether ea r l y -
r ipening bean cu l t i va r s are able to
bu i ld up a we l l - f unc t ion ing defense
mechanism against so i l -borne parasites
in the short vegetat ive phase, and how
wel l such a mechanism might operate in
the generative phase, p a r t i c u l a r l y in
the pod-set t ing stage, are points fo r
discussion.
Interaction of Parasites
In terac t ion of parasites does of ten re-
su l t in synerg is t ic e f f ec t s . Also i n -
sects, nematodes, bac te r ia , and even
viruses may in terac t w i th so i l -borne
fungi in such a way that rapid yel lowing
or w i l t i n g of plants resu l ts from s imul -
taneous root a t tack. Some w i l t i n g of
res is tant pea cu l t i va r s was caused by
a c t i v i t y of black f l i e s of a Meosciara 
sp. in tests wi th Fusarium oxysporum f.
sp. pisi races. Larvae of these small
black-winged insects, developing from
deposited eggs, cause decaying of coty-
ledons; thence, proceeding in to the
cortex of the e p i c o t y l , the larvae girdle
the stem base. Consequently, even resis-
tant plants may exh ib i t w i l t i n g . Attack
of untreated plants by Fusarium oxysporum 
f. sp. pisi in greenhouse t r i a l s prompted
fu r ther research wi th black f l i e s . A 
female f l y , caught in a s t e r i l e tube with
agar, p r i ck ing wi th the ov ipos i to r in to
the agar medium, gave r i se to a cu l tu re
of Fusarium oxysporum f. sp. race 2! In
cont ras t , several male black f l i e s were
unable to transmit t h i s fungus into tubes
of s t e r i l e agar. Labruyere, Den Ouden,
and Seinhorst (1959) demonstrated the
synerg is t i c e f fec t of the nematode Roty-
lenchus robustus on Fusarium oxysporum 
f. sp. pisi race 3 in peas. Severe
at tack could not be induced by the para-
s i tes separately; however, by in teract ion
wi th the nematodes considerable yel lowing
and w i l t i n g was i nc i t ed . Hubbel ing (1974),
es tab l ish ing race 3 to be ident ica l w i th
race 2 by comparing the spectrum of
at tack of res is tant and susceptible c u l t i -
vars, could i den t i f y the b l a c k - f l y -
t ransmit ted Fusarium as wel l as the pea
near -w i l t caused by race 2. It is yet
unknown whether other so i l -borne fungi
may be insect - t ransmi t ted . Bean f l i e s ,
Hylemia c i l i c r u r a , d is tu rb ing normal
emergence of bean seedl ings, of ten dras-
t i c a l l y , may perhaps be able to t ransmit
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r o t t i n g bacter ia . In any case the
maggots, developing from the eggs de-
posited near the germinating seeds,
cause many wounds by invading cotyledons
and hypocotyls.
The so i l fungus, Olpidium brassicae, 
of ten at tack ing roots without causing
v i s i b l e damage, is able to transmit to -
bacco necrosis v i rus to roots of many
p lants . The s t r i pp le -s t reak v i r us , a 
s t r a i n of tobacco necrosis v i rus causing
systemic necrosis between 15° and 25°C
in beans, can be transmit ted exclus ively
i f the fungus i t s e l f carr ies the v i rus .
Sometimes the fungus and the v i rus occur in
peat moss, used as a const i tuent of pot-
t i ng so i l in Europe. Oospores of Pythium
or Phytophthora, being res is tant to
temperatures over 100°C, may also be
present in pot t ing compost.
Screening Methods
Methods w i l l be described for screening
resistance to Fusarium, in pa r t i cu la r to
Fusarium oxysporum and Fusarium solani. 
Most experience has been obtained wi th
the former one.
In analyzing screening methods fo r
i den t i f y i ng resistance to soi l -borne
fung i , a t ten t ion must be given t o :
1. Iso la t ion of fungi in pure
cu l t u re .
2. Mu l t i p l i ca t i on of fungi on or in
a r t i f i c i a l media.
3. Preparation of inoculum.
4. Inoculat ion methods.
5. Assessment of s u s c e p t i b i l i t y .
6. I den t i f i ca t i on of disease res is -
tance.
Isolation of Fungi in Pure Culture
Several so i l -borne fungi are able to
withstand ethanol 96%, although most
bacter ia are k i l l e d by th is chemical.
Therefore i so la t i on of Fusarium in pure
cu l tu re appeared to be possible without
a n t i b i o t i c s , using ethanol 96%. One-
centimeter port ions from infected roots
or stems were cleaned wi th tap water and
dr ied on b l o t t i n g paper. P i th and outer
cortex were removed if exh ib i t i ng decay,
and in such a case parts of the xylem
r ing were used exc lus ive ly . The stem
and root pieces of xylem parts were
s t e r i l i z e d by dipping in ethanol 96% for
a few seconds and dr ied immediately on
s t e r i l i z e d b l o t t i n g paper. From the
treated pieces on s t e r i l e paper, 1- or
2-mm lengths were cut w i th a s t e r i l i z e d
scalpel and t ransfer red to tubes w i th
s t e r i l e cherry or prune agar. From each
attacked plant part at least f i v e tubes
wi th two or three such lengths each were
u t i l i z e d . Other agar media are also
possib le , such as water agar, or somewhat
acid media on which bacter ia do not
develop abundantly. A f ter 3 days of
incubation at about 25°C, Fusarium co lo-
nies s tar ted to develop from the cut
pieces. Pure cul tures can be obtained
eas i ly by t rans fe r r i ng pieces of agar
w i th mycelium from the outside of the
colonies to tubes w i th potato dextrose
agar. From these, monospore cu l tures
can be produced. Often the tubes w i th
the small pa r t i c les are not contaminated
by bacter ia or other contaminants and
thus in fac t are already pure cu l tu res .
When pe t r i dishes are used fo r i so la t ion
of f ung i , even under optimal s t e r i l e
condi t ions, contamination can hardly be
avoided a f t e r some days. Moreover it is
more expensive, labor ious, and t ime-
consuming to use pe t r i dishes, even if
made from p l a s t i c , and always special
precautions are necessary. In contrast
when tubes are used to i so la te f ung i ,
the narrow openings l i m i t contamination
by bacter ia or spores from the a i r . It
is qu i te possible to use simple labora-
tory f a c i l i t i e s wi thout special equip-
ment for s t e r i l i z a t i o n of the a i r .
Multiplication of Fungi on or in
Artificial Media
Petr i dishes are not e f f i c i e n t f o r mul t i -
p l i c a t i o n of fungi in my op in ion , both
for the reasons described above and
because the quant i t ies of spores deve-
loped are low. In l i q u i d media such as
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Czapek Doz s o l u t i o n , high concentrations
of microconidia can be obtained in a 
few days, using pure cu l tu res , absolutely
free from bacter ia . We mostly used 3-
l i t e r f lasks w i th Czapek Dox so lu t i on .
The o ld method of shaking the f lasks by
machine, a f t e r addi t ion of some pieces
of agar wi th mycelium of a Fusarium c u l -
t u r e , o f ten wets the cotton plugs, re-
s u l t i n g in contamination of the l i q u i d
by bac te r ia , since cotton wool , even
a f t e r autoclaving contains some heat-
res is tant bac ter ia l spores. These m u l t i -
ply abundantly, rap id ly exhausting the
avai lab le nut r ien ts meant for the s o i l -
borne fung i . Often bacter ia produce
gas, i n c i t i n g foam development in the
so lu t i on .
This experience led me to develop
another system of movement of the l i q u i d
that avoids wet t ing the cotton plugs.
A narrow glass tube, penetrates the
cotton p lug , ending in the l i q u i d . An
aquarium pump is used to blow a stream
of a i r , s t e r i l i z e d by a smal l , dry cotton
p lug, through th i s tube, providing a gen-
t l e moving of the l i q u i d , thus prevent-
ing formation of a mycelium mat and s t i -
mulating the production of huge numbers
of microconidia w i t h i n 5 days at 25°C.
Sol id media, other than agar, are some-
times used, for instance, r i c e , straw,
or a mixture of maize meal and sand or
s o i l . These must be ca re fu l l y s t e r i -
l i zed in order to exclude bac ter ia .
Fusarium cul tures in sand- or s o i l -
containfng media remain v iab le and v i r u -
lent fo r many months due to development
of chlamydospores. In l i q u i d media
chlamydospores are normally not produced
w i t h i n 5 days.
Preparation of Inoculum
At times in l i q u i d cul tures some concen-
t ra t i ons of mycelia may resu l t from i r -
regular aera t ion . In that case the c u l -
tures have to be homogenized in a mixer
before using them as inoculum. Moreover,
standardizat ion of the number of propa-
gules might be necessary by add i t ion of
ce r ta in amounts of tap water. Often
agar cul tures are used as agar s l a n t s ,
prepared by mixing w i th tap water. Cul-
tures in so l i or sand can be u t i l i z e d
d i r e c t l y as inoculum.
Inoculation Methods
In p r i nc i p l e there are two completely
d i f f e ren t methods of inoculat ion in
screening fo r Fusarium resistance. The
f i r s t method involves sowing of seeds in
a r t i f i c i a l l y infested s o i l ; the second,
dipping roots of seedlings in a spore
suspension and p lant ing in s t e r i l i z e d
s o i l . The f i r s t method corresponds very
wel l w i th sowing in infested so i l in the
f i e l d and is not labor ious. The second
method is rather time-consuming since
the roots of the seedlings must be
cleaned before they are dipped in a spore
suspension. Consequently the roots w i l l
be wounded ser ious ly . It is uncertain
whether some f i e l d resistance is lost in
th i s way. A modi f icat ion of the f i r s t
method, tes t ing under s t e r i l e condi t ions,
cannot be considered useful because of
the many laborious precautions to be
taken to avoid contamination. Moreover,
it may be doubtful whether plants are
exh ib i t i ng r e l i ab l e reactions under these
unnatural condi t ions.
Huge numbers of seedlings can be
screened in a greenhouse wi th temperature
condi t ion ing using s t e r i l i z e d so i l as a 
substrate in which the inoculum is mixed.
In order to avoid problems inherent to
so i l s t e r i l i z a t i o n , some requirements
have to be f u l f i l l e d . Steaming organic
material produces v o l a t i l e compounds
such as ammonia, which are harmful to
seedlings and sometimes also to fung i .
There are two solut ions to th i s problem.
F i r s t , using s team-s ter i l i zed s o i l , i t
is necessary to wait a few weeks, u n t i l
the disappearance of a l l v o l a t i l e pro-
ducts, before adding the inoculum. Dur-
ing that time a recolonizat ion is r e a l -
ized of saprophytic bacter ia and f u n g i ,
o r i g i n a t i n g from the a i r . Secondly, a 
s o i l may be used from semi s t e r i l e con-
s t i t u e n t s , such as r i ve r sand vermicul i te,
and peat moss, free from plant pathogens.
For screening purposes I used shallow
p l a s t i c boxes, 10-15 cm deep as containers
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in which the infested so i l or so i l mix-
tures was prepared. The l im i ted depth
is essent ia l to e f fec t root competit ion
and consequently a rapid symptom deve-
lopment. For a r t i f i c i a l i n fes ta t ion 10
parts by volume of so i l were mixed w i th
1 part of inoculum. When mixing some-
what dry so i l wi th the l i q u i d inoculum,
good moisture condit ions can be achieved.
In many t r i a l s I could demonstrate
how important pH and calcium re la t ions
in the so i l are to the degree of at tack
on the p lants. Always at poor calcium
n u t r i t i o n condit ions and low pH, serious
at tack , sometimes even of res is tant
p lants , has been obtained. Using mix-
tures of 3 parts by volume of peat moss
(pH ± 4.5) and 1 part by volume r i ve r
sand (pH ± 7) , containing a l i t t l e b i t
of calcium, a so i l mixture of about pH
5.5 was reached. In t h i s mixture the
pea cu l t i va r s New Era, New Season, and
New Wales exhib i ted severe w i l t symptoms
with Fusarium oxysporum f. sp. pisi 
race 1, although they have been deve-
loped as res is tant to race 1 and race 2.
However, under the same pH condit ions
and l ikewise d i rec t sowing of the seeds
in the infested so i l mixture, no w i l t
occurred wi th race 2. In cont ras t , the
cu l t i va r s Cobri and Koroza appeared to
be res is tant to both races at pH 5.5.
New Season and New Wales did not w i l t
when tested in r i ve r sand of pH 7, or in
the peat sand mixture adjusted to pH 7 
w i th CaCO3, w i th Fusarium oxysporum f.
pisi race 1.
Assessment of Susceptibility
The example of d i f ference in behavior at
pH 5.5 and pH 7 i l l u s t r a t e s the d i f f i -
cu l t y of assessing s u s c e p t i b i l i t y and
resistance. I am qui te sure s imi la r
observations can be obtained wi th other
leguminous crops, for instance, Phaseolus 
beans depends on the degree of resistance
ava i lab le and on what symptoms must be
considered as an expression of suscept i -
b i l i t y under cer ta in (pH) condi t ions.
Since Fusarium oxysporum occurs in a 
high concentrat ion in a l l parts o f w i l t -
ing suscept ib le p lan ts , even stem t i p s ,
the degree of w i l t i n g of stems and leaves
may be d i r e c t l y proport ional to root
a t tack. The degree of root a t tack by
other so i l -borne fungi can l ikewise be
proport ional to overground symptoms,
such as s tunt ing and yel lowing of p lan ts .
However, d i rec t assessment is possible
only by uprooting infected p lan ts . If
roots or stem base do not exh ib i t d i s t i n c t
symptoms, plants have to be judged as
res is tan t . Some in fec t ion of underground
parts of res is tant plants usual ly occurs,
because the pathogens can be re iso lated
from these par ts . Therefore the presence
of pathogen cannot be a c r i t e r i o n of
s u s c e p t i b i l i t y , in the sense of lacking
in resistance. Uprooting of screened
seedlings is not des i rab le , unless
d i s t i n c t i o n of overground symptoms of
suscept ible plants is questionable and
the method of screening is therefore
i n e f f i c i e n t .
Af ter the screening procedures the
res is tant seedlings have to be mul t ip l ied .
The e f fec ts of uprooting when t ransp lant -
ing cannot be completely avoided a f t e r
select ion of the res is tant p lan ts . F i rs t ,
the pathogen(s) are d i s t r i bu ted to the
place to which the plants are t rans-
planted. Second, t ransplant ing means
some mechanical damage to the roo ts ,
a f fec t ing new root development of r es i s -
tant p lan ts , confirming the correctness
of screening. Th i rd , adverse condi t ions
such as drought and high temperatures,
p a r t i c u l a r l y when p lant ing is in the
open, may cause an apparent breakdown of
resistance. Often some d i f ference in
degree of resistance can be discovered
by measuring to ta l stem length and/or
length of attacked stem t i ssue. Quanti-
t a t i v e assessment can be achieved in
th i s way.
Identification of Disease Resistance
Zaumeyer and Meiners (1975) reviewed
recent research on disease resistance in
beans. They mentioned several w i l d or
p r im i t i ve plant int roduct ions as sources
of resistance to some so i l -borne diseases.
Not u n t i l accessions of such mater ial
became ava i lab le did screening fo r
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resistance become possible. Zaumeyer
and Meiners (1975) also reviewed research
on the genetics of resistance to s o i l -
borne diseases. In most cases a poly-
genic inheri tance of the resistance has
been shown. Often a quan t i t a t i ve inher i -
tance pat tern occurred, excluding normal
backcrossing or pedigree se lec t i on , and
leading to the procedure of recurrent
se lec t ion . The screening methods de-
scribed enable adequate i den t i f y ing of
a high degree of resistance. They also
f a c i l i t a t e research on inheri tance of
resistance under con t ro l led condi t ions,
excluding escape of i n f e c t i o n .
Discussion and Conclusions
The laboratory/greenhouse methods de-
scribed in t h i s paper for screening
resistance to so i l -borne diseases are
mainly based on experience wi th Fusarium
oxysporum and Fusarium solani of beans
and peas. Nevertheless, these methods
might also be useful in breeding fo r
resistance to other fungi and in modi-
fy ing the preparation of inoculum.
Adequate screening is only possible
under con t ro l led temperature condit ions
in a r t i f i c i a l l y infested s o i l , general ly
of a low pH and, to some ex ten t , d e f i -
c ient in calcium. Under such condi t ions
a high degree of resistance can be identi-
f i e d . Depending on the ava i lab le sources
of res is tance, the pH of the so i l has to
be changed somewhat and the concentrat ion
of the inoculum reduced in order to avoid
a "breakdown'' of the resistance.
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Laboratory/Glasshouse Screening Procedures for Identifying
Resistance to Soil-borne Diseases of Peas
The USDA pea-breeding program at the
I r r i ga ted Agr icu l tu re Research and Ex-
tension Center, Prosser, Washington, is
p r imar i l y di rected at combining res is -
tance and/or tolerance to Fusarium solani 
(Mart.) Sacc. f. sp. pisi (Jones) Snyd.
& Hans., Pythium u l t imum Trow, Aphano-
myces euteiches Drechs., and Fusarium 
oxysporum Schl. f. sp. pisi (van Hal l)
Snyd. & Hans. races 1, 2, 5, and 6 (new
s t ra i n yet to be named).
Fusarium solani f. sp. pisi 
The most important component of the root
rot complex of peas in the Pac i f i c North-
west is Fusarium solani f. sp. pisi 
(Burke and Kraft 1974; Kraft and Roberts
1969). In a 1966 report of the USDA
Plant Introduct ion Service (Braverman
et a l . 1966), 132 accessions were l i s t e d
as being res is tant or to lerant to th is
pathogen. Of these, 86 were c l a s s i f i e d
as having d e f i n i t e root and ep icoty l
resistance. In previous s tud ies, we had
found that resistance to F. solani f. sp.
pisi in several P . I . accessions was not
af fected by high soi l - inoculum levels
(Kraf t 1974; Kraft and Roberts 1970),
that resistance in ep icoty l and root
t issue was qua l i t a t i ve (Kraf t 1977;
Kraft and Roberts 1970), and that it
could be observed in as l i t t l e as 7 days
a f t e r emergence (Kraf t 1974). Based on
th is in format ion, a technique was devised
for rap id ly screening and evaluat ing pea
accessions or ear ly genetic crosses fo r
resistance (Kraf t 1975).
The inoculum is grown in Kerr 's
l i q u i d medium (Kerr 1963) f o r 5 days in
a rotary shaker set to make 60 cyc les/
minute. The inoculum is st ra ined
through cheesecloth, centr i fuged to re-
move excess nut r ien ts and s ta l i ng pro-
ducts, resuspended in d i s t i l l e d water
and, through an atomizer, added d i r e c t l y
to so i l in a cement mixer. The inoculum
in so i l is allowed to a i r - d r y fo r 2 
weeks (Burke and Kraft 1974), when con i -
dla convert to chlamydospores, then
sieved through a 10-mesh screen and
adjusted to 40,000 propagules/gm of a i r -
dry s o i l .
Seed of tes t l ines is surface d i s -
infested wi th a 10% so lu t ion of f l o rox
and r insed in s t e r i l e water; 25 seeds
of each l i ne are planted in f l a t s wi th
removable s ides. Two l ines are planted
in each f l a t , which is f i l l e d wi th an
uncropped, Warden f i ne sandy s i l t loam
s o i l , a r t i f i c i a l l y infested wi th F .
solani f. sp. pisi at an inoculum con-
cent ra t ion of about 40,000 vp/gm of
a i rd ry s o i l . The d i l u t i o n p la te tech-
nique, f i r s t devised by Nash and Snyder
(1962), is used to determine inoculum
concentrat ion.
The seeded f l a t s are then placed in
a growth chamber wi th a 16-hr day, a 
6,480 lux maximum i l l um ina t i on , and a 
24° day and an 18 ± 1°C night tempera-
tu re . The f l a t s are watered wi th m i l l i -
pore f i l t e r e d tap water as necessary for
disease expression ( i . e . , f l a t s are
allowed to dry to 5-15 atm before re-
watering to 1/3 atm) (Kraft and Roberts
1969).
Resultant seedlings are harvested
10-14 days a f t e r emergence by removing
the sides of each f l a t , ca re fu l l y remov-
ing each seedl ing, and washing out each
root system. Seedlings are rated using
a 0-5 disease index, w i th 5 ind ica t ing
a completely ro t ted root . In the case
of ear ly generation crosses, p lants w i th
the more healthy root systems ( i . e . less
ep icoty l and root necrosis than Dark
Skin Perfect ion) are transplanted into a 
fumigated po t t i ng mixture consist ing of
1 part s o i l , 1 part sand, and 1 part
peat moss. The transplanted seedlings
129
J.M. Kraft
that survive are grown to seed set. I 
bel ieve that some of the advantages of
th i s procedure over other screening
techniques are: (1) that l ines can be
evaluated fo r resistance to F. so lan i
f. sp. pisi at an ear ly age, which re-
su l ts in a higher percentage of t rans-
plants surv iv ing to set seed, (2) the
en t i r e root system of a tes t p lant is
exposed to a high inoculum level of F.
so lan i f . sp. p i s i , and (3) resu l ts are
reproducible.
Pythium ultimum 
Diseases of peas caused by Pythium spp.
are most o f ten referred to as damping-
o f f and seed r o t . However, in the Paci-
f i c Northwest, Pythium ultimum was found
to play a ro le in the root rot complex
a f fec t i ng peas during the en t i r e grow-
ing season (Kraf t and Burke 1971).
For disease resistance screening
t r i a l s , inoculum of P. ultimum is pre-
pared by growing the fungus on s t e r i l e
vermicu l i te to which a complete nu t r ien t
so lu t ion is added (Kraf t and Roberts
1969). The fungus is grown in 500-ml
Erlenmeyer f lasks wi th 400 ml vermicu l i te ,
autoclaved 4 hrs ; to t h i s is added 200 ml
nu t r i en t so lu t ion and the vermicu l i te
then autoclaved an addi t iona l 2 hrs .
The inoculum is incubated 7 days in the
dark at 20°C. The resu l tant inoculum is
fragmented by fo rc ing through a 10-mesh
screen and added to uncropped f i e l d so i l
in a revolv ing drum. The infested so i l
is thoroughly mixed and a i r - d r i e d fo r 14
days before assaying. Inoculum density
of P. ultimum is determined by the sur-
face d i l u t i o n p la te technique and selec-
t i v e medium (Mircet ich 1970; Mi rcet ich
and Kraf t 1973). Inoculum level of so i l
infested w i th P. ultimum is adjusted be-
fore each tes t to equal 1000 propagules/
gm a i r - d r i e d so i l .
To e l Iminate preemergence damping-
o f f and seed r o t , a l l seed is t reated
wi th Captan p r i o r to p lan t i ng . Enough
m i l l i p o r e - f i l t e r e d water to adjust so i l
moisture tension to 1/3 atmosphere is
added at p lan t ing t ime.
Test l ines are harvested 2-3 weeks
a f t e r emergence by ca re fu l l y removing
each p lan t , washing the root system, and
scoring fo r disease sever i ty using the
0-5 disease index scale. The more res i s -
tant segregants In an ear ly generation
cross are transplanted in to a s t e r i l e
po t t ing mix and saved fo r seed.
Aphanomyces euteiches 
Root ro t of peas is caused by one or more
of several pathogens, of which Aphano-
myces euteiches Drechs. is perhaps the
most important and d i f f i c u l t to control
(Hagedorn 1976; Marx et a l . 1972). No
sa t i s fac to ry control measures are known.
Chemical control is too cost ly and breed-
ing e f f o r t s have been stymied by the
obvious lack of c lear -cu t resistance.
Consequently, we have developed our
screening and tes t ing procedures fo r A.
euteiches to detect low levels of res i s -
tance.
A l l isolates of phycomycetous fungi
used in our laboratory , including A.
euteiches and P. ultimum, are maintained
on V8 j u i c e agar s lants (200 ml V8 j u i c e
plus 2 g CaCO3/1), covered wi th s t e r i l e
mineral o i l and kept in the r e f r i ge ra to r .
For disease screening and patho-
gen ic i ty t es t s , a l l tes t iso lates o f
A. euteiches are grown in l i q u i d , s t i l l
c u l t u r e , in 50 ml of maltose-pentone
broth (Carmen and Lockwood 1960) fo r 5 
days at 28°C. Af ter 5 days, the medium
is decanted and replaced wi th 60 ml of
tap water. This is replaced a f t e r 2 hrs
by 40 ml of d i s t i l l e d water and each
f lask is then aerated at the rate of
about 6 bubbles/second. A f te r 12 hrs ,
the mycelial mats are removed and zoo-
spore numbers/ml are determined using
a haemocytometer. Six-day-old tes t
plants (planted 10 days p rev ious ly ) ,
growing in f l a t s of coarse p e r l i t e are
inoculated by p ipe t t i ng 10 ml of zoo-
spores/25 p lants/ row. Zoospore inoculum
concentrat ion is usual ly in the range of
1 X 10
5
/ml.
Inoculated f l a t s are then Incubated
at greenhouse temperatures (24 - 26° C)
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u n t i l symptoms are evident on the sus-
cept ib le con t r o l , Dark Skin per fec t ion .
At th i s t ime, each row is ca re fu l l y re-
moved from the p e r l i t e , roots are washed,
plants are read for disease sever i ty
(0-5 sca le) , and fresh weights of tops
and roots determined. The main c r i t e r i -
on fo r measuring resistance in our tests
is the percent loss of fresh weight of
roots and tops when compared to the un-
inoculated control fo r each test l i n e .
Disease sever i ty rat ings are usually
meaningless as most l ines have a high
disease sever i ty ra t ing (4-5 c lass) .
Fusarium oxysporum f. sp. pisi 
Races 1, 2, 5, and 6 
Wi l t of pea, which is caused by F. oxy-
sporum f. sp. pisi, race 1, was f i r s t
described in 1925 (L inford 1928). Resis-
tance to race 1 was a t t r i bu ted to a 
s i ng le , dominant gene factor in the host
(Wade 1929). Race 2 was recognized and
described when race 1 res is tant c u l t i -
vars were developed and grown to the
exclusion of race 1 susceptible c u l t i -
vars (Snyder 1933). Host resistance to
race 2 was again a t t r i bu ted to a sepa-
ra te , dominant gene factor in the host
(Hare et al . 1949). Race 3, described
in 1951 in the Netherlands, caused w i l t
on c u l t i v a r s res is tant to races 1 and 2 
(Schreuder 1951). However, no descr ip-
t ion of the d i f f e r e n t i a l cu l t i va rs used
to def ine race 3 is ava i l ab le , and un-
a v a i l a b i l i t y of an iso la te of the o r i -
ginal cu l tu re leaves the v a l i d i t y of
th is race in doubt (Hubbel ing 1974).
Race 4 was described in 1966 in Canada
and was determined on the basis that
New Era ( res is tan t to races 1 and 2) was
suscept ib le , and New Wales ( res is tan t
to race 1 and 2) was res is tant (Bolton
et a l . 1966). However, i t is l i k e l y
that races 3 and 4 are more v i r u l en t c u l -
tures of race 2 (Hubbeling 1974). Fur-
ther , the genetic basis for resistance
in the host to races 3 and 4 was not
def ined. Race 5 was described in 1970,
whereby a l l commercial cu l t i va r s known
to be res is tant to races 1 and 2 were
suscept ib le (Haglund and Kraft 1970).
Resistance again was a t t r i b u t e d to yet
another s ing le dominant gene (Haglund
1976; Kraf t and Giles 1976).
For a l l pathogenici ty and progeny
tests using isolates of F. oxysporum f.
sp. pisi at Prosser, cul tures are derived
from single-spore isolates (Tousson and
Nelson 1976), which are increased on
fresh PDA under a r t i f i c i a l l i g h t w i th a 
12-hr photoperiod. Only colonies repre-
sentat ive of the w i l d type (whi te , re -
s t r i c t e d aer ia l mycelial types for races
1, 5, and 6) and colonies forming sporo-
dochia fo r race 2 are used. For inoculum
increase, isolates to be used are hyphal
t ipped and increased in Kerr 's l i q u i d
medium; 2 ml of the resul tant con id ia l
suspension is placed in 10 g of a s te r i l e
so i l mix in a test tube, a i r - d r i e d to
induce a dormant chlamydospore s t a t e ,
and stored in the re f r i ge ra to r .
To produce inoculum of a test iso-
l a t e , a small amount of infested so i l is
spr ink led on a PCNB plate (Nash and Sny-
der 1962) and a resu l t ing colony is se-
lected which is representat ive of the
wi ld type fo r that i so la te . A small
agar plug is cut from the colony margin,
a f te r a 5-day incubation per iod, is
placed in 50 ml of s t e r i l e Kerr 's medium,
and incubated an addi t ional 5 days in
a rotary shaker (1 cycle/sec.) w i th 16
hr of f luorescent l i gh t at 6,480 lux at
24 ± 1°C. At that t ime, spore concen-
t ra t i ons of the test iso la te are deter-
mined by use of a haemocytometer and
adjusted to 1 X 10
6
 con id ia /ml .
Seed of each tes t l i ne is surface
d is in fes ted w i th a 10% so lu t ion of c lorox
before p lant ing in coarse, autoclaved
p e r l i t e . Seedlings are inoculated in
the t h i r d - to fourth-node stage by care-
f u l l y removing each plant and pruning
the root system—using a razor b l a d e -
whi le it is immersed in a conid ia l sus-
pension of each i so la te . Inoculated
seedlings are transplanted back in to the
p e r l i t e and incubated on a greenhouse
bench u n t i l w i l t symptoms are evident
and/or known susceptible inoculated con-
t r o l s are dead. Greenhouse temperatures
are in the 18-24°C range. W i l t symptoms
consist o f s tun t i ng , ye l lowing, dying of
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lower leaves, downward cu r l i ng of leaf
margins, and usually death of the p lant .
Summary
Our approach at Prosser has been one of
f i r s t i den t i f y ing sources o f resistance
to the pathogens l i s t e d above, using
a r t i f i c i a l l y infested so i l s in the green-
house and na tu ra l l y infested f i e l d s o i l s ,
combining these sources of resistance,
then rescreening the F3 - F4 progeny and
saving the more res is tant segregants.
These segregants are then increased and
evaluated in na tu ra l l y infested f i e l d
so i l s and the highest y ie ld ing l i nes ,
approaching commercial types, are saved
to repeat the cyc le .
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Discussion — Session 4 
Chairman : D.J. Hagedorn
Rapporteur : M. P. Haware
Hagedorn : Dr. Hubbeling, in the green-
house tes t ing of beans, you
were mixing sand and inoculum.
Did you not water afterwards?
Hubbeling : By mixing sand or so i l w i th
l i q u i d inoculum, good mois-
ture condit ions can be
achieved. A l i t t l e water
was added on the top of so i l
fo r the f i r s t 4 weeks. Let
me again emphasize the point
I made in my t a l k about leaf
s ize. In w i l d types of peas
and beans, there are many
wi th small leaves. Breeders
too l i ke to have plants wi th
smaller leaves, and shorter
internodes as an addi t ional
p o s s i b i l i t y . Such plants
need four times more leaves
of smaller size (ha l f the
length) in order to get the
same ass imi la t ing surface.
Wood : Does the leaf area matter?
Small or big?
Hubbeling : That does not matter, but in
the f i e l d , there is the
p o s s i b i l i t y o f s t ress. I t
is good to have small leaf
types that w i l l not suf fer
as much stress as bigger
leaf types.
Hagedorn : Pea breeders in the USA have
small leaf or l e a f l e t breed-
ing programs. Because of
the higher leaf index there
is a problem in green pea
product ion. Development of
a leaf canopy leads to d i f f i -
cu l ty in harvest ing. There
is a problem of Fusarium 
root rot disease. Do we need
a leaf canopy to have more
moisture? Smal l - lea f le t
peas wi th or without pet io les
wi th a l l kinds of combination
are employed fo r good l ight
penetrat ion. We have s i m i -
lar problems in beans; a leaf
canopy developing over the
plant causes Sclerotinia and
Pythium problems.
Wood : What about y ie ld?
Hagedorn : The y i e l d is qu i te good w i th
small leaf types. Data are
qu i te comparable.
Abawi : Dr. Hubbeling, would you
l i k e to comment on the proce-
dure that was developed by
Wallace and Wilkinson fo r
the evaluat ion of bean germ-
plasm fo r resistance to F.
solani f. sp. phaseol i? We
are using th is procedure at
present fo r screening bean
germplasm fo r resistance to
Rhizoctonia solani. 
Hubbeling : I would not l i k e to use the
combination of two d i f f e ren t
f u n g i . In F. solani , the
leaf area is important. Most
res is tant bean plants are of
very small leaf type w i th a 
good root system, able to
withstand stress s i tua t ions
fo r a long t ime.
Wood : I see the extensive use of
ethanol for i so l a t i on . L i q -
uid media are good fo r Fusar-
ium m u l t i p l i c a t i o n , fo r pro-
duction of maximum spores.
Kraf t : It is a personal choice. For
Pythium, a l i q u i d medium is
good because root surfaces
have more sporangia and
oospores. I also agree w i th
Dr. Hubbeling that cot ton
plugs w i l l eas i ly become more
contaminated if growth medium
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splashes on them when used
on Incubator f lasks in an
Incubator-shaker, In shake
c u l t u r e , F. so lan i f . sp.
pisi produces microconidia
that give a high percentage
o f k i l l .
Hubbeling : Use of peat moss-sand mixture
w i th pH 5.5 and 1 part of
inoculum to 10 parts of such
mixture gives 100% k i l l of
suscept ib le check of peas
wi th F. oxysporum f. sp. pisi. 
Our breeders always l i k e to
use th is low pH in order to
prevent escape of suscept i -
b i l i t y in the tes ts .
Kumar : Dr. Kraf t mentioned that
race 3 and 4 of F. oxysporum 
f. sp. pisi are more virulent
cul tures of race 2. What
c r i t e r i a are used for deter-
mining more v i r u l en t c u l -
tures?
Kraft : Race 1 of Fusariurn w i l t in
peas was f i r s t described In
1925 in Wisconsin, and resis-
tance was a t t r i b u t e d to a 
s i ng le , dominant gene fac tor
in the host . Snyder in 1933
described race 2, when race
1 res is tan t l ines w i l t ed
wi th nea r -w i l t symptoms.
Race 3 was described from
the Netherlands; however, no
type cul tures are ava i lab le .
Race 4 was described in 1966
from Canada on the basis
that New Era, res is tan t to
races 1 and 2, was suscept i -
b l e , and New Wales, r e s i s -
tant to race 1 and 2, was
res i s tan t . Dr. Hubbeling
mentioned t ha t , based on
host reac t ion , races 3 and 4 
are more v i r u l e n t cu l tures
of race 2. Race 5 was de-
scr ibed in 1970 from Wiscon-
s i n , a f f ec t i ng about 30%
acreage. Dr. Haglund and I 
defined it as a s ing le domi-
nant gene, resembling race 1.
The Armstrongs took a l l c u l -
tures and claimed 11 d i f f e r -
ent races on 27 d i f f e ren t
hosts, p r imar i l y based on
degree of v i ru lence. We used
t h e i r technique, w i th pure-
l i ne and sel fed seed and we
could not repeat the resu l t s .
Hubbeling : What is the s i t u a t i o n in
farmers' f i e lds?
Kraf t : It is an in te res t ing story
too. We know race 2 is on
sandy warm s o i l , race 1 on
heavy clay s o i l .
Haware : Are you not ge t t ing two to
three races from the same
l o c a l i t y o r f i e l d?
Kraft : Race 2 is aggressive in sandy
s o i l s , races 1, 5, and 6 in
heavier clay s o i l . There is
one s i t ua t i on where a l l races
are found, but race 6 pre-
dominates.
Haware : Are you screening peas sepa-
ra te ly against a l l races or
together in the laboratory?
Kraf t : Separately. I l i k e to work
wi th ind iv idual cu l tu res .
When peas are screened against
several i so la tes , simultane-
ously , we may end up wi th
inoculum density problems.
Also there may be interact ions.
Fusarium oxysporum f. sp .p is i ,
race 1 and 5 are unstable in
cu l t u re .
Hagedorn : In the mid-west (Wisconsin)
a l l va r i e t i es are res is tan t
to race 1, but race 2 is a 
problem.
Hubbeling : In the Netherlands we mostly
get less v i r u l e n t race 2.
Race 3 was establ ished as
i d e n t i f i c a l to race 2, whi le
race 4 was considered as a 
v i r u l e n t race 2. The Arm-
strongs, w i th whom I co-
operated fo r some years, did
not agree to these races.
Their c l a s s i f i c a t i o n of race
3 as race 4 is doubt fu l .
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Starr : In a l l t h i s discussion on
races, how w i l l Dr. Nene
and his group reassemble
races, say, in pigeonpea
Phytophthora or in Fusarium
w i l t o f chickpea; that i s ,
how w i l l they describe races
in India?
Hubbeling : If we have four races, then
we need to have a set of
d i f f e r e n t i a l s that give re-
act ion - ( res is tan t ) or + 
(susceptible) to these races
in a c learcut way wi th any
method of t e s t i n g .
Hagedorn : This is a very good po in t .
We as a group, having th i s
in mind, recommend studies
on races.
Wood : F. oxysporum is a notorious
and var iab le vascular fungus.
What steps do we take to
ensure s t a b i l i t y of isolates?
How do you character ize race
2 from 4? Based on host re-
actions?
Hubbeling : I ca l led race 4 v i r u l e n t
iso la te of race 2, because
wi th race 2 we got only
good in fec t ion wi th root
damage; good w i l t i n g resulted
also w i th race 4, without
damage of roo ts .
Wood : I suggest you standardize
a l l your condit ions to study
races.
Kraf t : This suggestion has been
made several t imes. We make
isolates from diseased plants;
these are single-spored and
put in s t e r i l e so i l for
preservat ion. One has to be
careful in detect ing colonies
of w i Id types.
Hubbeling : Why do the new races show up
in that part of the world—
around northern Washington
State? Do you th ink cultural
pract ices or so i l condit ions
have to do wi th i t ?
Kraft : The pac i f i c Northwest is a 
hotspot Fuearium. Farmers
i n s i s t on p lant ing peas fo r
several years in succession.
They never rotate peas w i th
other crops. Addi t ion of
dead plants and heavy clay
so i l cont r ibute to disease.
Disease expression of race 2 
is d i f f e ren t from race 1,
which is seen in patches.
Race 5 is the same as race 1.
Race 2 cu l tu re is a sporo-
dochial type, s tab le . I t is
a high-temperature organism,
whi le race 1 has a low tem-
perature optimum, It is not
stable and is a mycelial type.
Abawi : Dr. Hubbeling, would you l i k e
to comment on how races
might evolve? Is it by muta-
t ion or by other means? Also,
do you re fer to isolates w i th
a d i f f e ren t degree of aggres-
siveness as races?
Hubbeling : Races are based on d i f f e r -
e n t i a l s . Aggressive types
show d i f f e ren t degrees of
aggressiveness but no d i f f e r -
ence in d i f f e r e n t i a l a t tack.
Abawi : This is the point I wanted
to c l a r i f y . Can the iso lates
that exh ib i t a d i f f e ren t
degree of aggressiveness on
the same hosts be appropr i -
a te ly referred to as races?
Kannaiyan : Dr. K ra f t , did you screen in
glasshouse in con t ro l led
condit ions and how did th i s
material perform in the f ield?
Kraft : A l l our l ines go to the f i e l d
from laboratory, greenhouse
and/or growth chamber. Usual-
ly these l ines in the f i e l d
are to le rant or res is tan t .
In general we have to f i nd
tolerance to diseases other
than those we are screening
against because tolerance in
the f i e l d means y i e l d in sp i te
of disease.
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Hubbellng : Our plant breeders do not
t ransplant mostly because
of unfortunate experiences
wi th t ransplant ing seedlings
in the f i e l d . This is not
correct perhaps. Screening
is usual ly done in glass-
house tests w i th a reserved
part of seed of F3 or further
developed l ines. Only the
homozygous res is tan t l ines
are shown in the f i e l d ,
Kraf t : At 10 to 15 days the root
system of pea plants is quite
developed, and inoculum is
mixed in the s o i l . Seedling
resistance in peas is s tab le ;
that i s , they are also resis-
tant in the f i e l d . A f te r
combining these sources of
res is tance, we rescreen F3
and F4 progenies and segre-
gants go in the f i e l d fo r
y i e l d t r i a l s .
Kumar : What is the populat ion size
you are using fo r F. solani 
and F. oxysporum to i den t i f y
resistance?
Kraft : For F. so lan i 25 seeds in F3
and fo r F. oxysporum 100
seeds in F4.
Kumar : Is resistance quant i ta t i ve?
Kraf t : One or two seedlings usual ly
are saved.
Kumar : It has to be dominant.
Reddy : Dr. Hubbeling mentioned in
his tex t that in so i l -borne
pathogens genetic va r ia t i on
is rather wide; consequently,
resistance is r e l a t i v e l y
s tab le . Would you comment
please?
Hubbeling : Var ia t ion in dec l in ing v i r u -
lence, so resistance is
s tab le .
Nene : I w i l l re fer to pigeonpea,
where most of the l ines tha t
stand in the f i e l d t i l l the
f i r s t harvest get in fec ted.
Fungus can be detected in
the root . Are such geno-
types that r e s t r i c t the
fungus in the plant and stand
in the f i e l d u n t i l the f i r s t
harvest more stable? Are
such genotypes be t te r than
immune genotypes?
Hubbeling : We have a populat ion in the
so i l o f av i ru len t iso lates
of Verticillium in cot ton.
Penetration of av i ru len t
iso lates in the roots pre-
vents in fec t ion w i th v i r u -
lent i so la tes . Presence of
pathogen in the root cannot
be a c r i t e r i o n of suscept i -
b i l i t y .
Haware : How should we define r e s i s -
tance in chickpea w i l t : l ines
that get infected but do not
w i l t ?
Kraf t : Tolerant .
Purss : If the plant is standing in
the f i e l d without showing
any symptoms, then it is
res i s tan t . I t happens w i th
Phytophthora a lso .
Wood : It depends when it gets i n -
fected. It does not mean
that plant is heavi ly co lo-
nized.
Nene : In cer ta in l ines of pigeonpea
no w i l t is seen u n t i l the
f i r s t harvest. When the
plant is chopped, new growth
s t a r t s , and we get w i l t .
That shows that the plant
was colonized by the pathogen.
I do not l i k e to use ver t ica l
or hor izonta l resistance.
What we need is mater ial that
w i l l stand in farmers' f ie lds .
Nowadays i t is ca l led "dura-
ble res is tance . "
Wood : Yes, it is fashionable to
t a l k about ve r t i ca l res i s -
tance. Many years ago patho-
gen ic i t y was defined as capa-
c i t y of a pa r t i cu la r group
of pathogens to pa ras i t i ze
the host. You can have
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groups of i so la tes , patho-
genic or nonpathogenic.
Abawi : I would agree to the group-
ing of isolates as to patho-
genic and nonpathogenic.
Pathogenic isolates s t i l l
may d i f f e r in t he i r level of
v i ru lence (or agressiveness)
to the host p lan t .
Chohan : About black f l i e s ? Are they
very common in f i e l d condi-
t ion?
Hubbeling : Not common in f i e l d , but in
greenhouse at high tempera-
ture 25°C and above, there
is a high population of
black f l i e s .
Chohan : We are ge t t ing maggots of
black f l i e s .
Kraf t : When we grow peas in a high
organic pot t ing mix, such as
peat moss, black f l i e s are
a problem.
Nene : Our physio logis ts found that
de fo l i a t i on aggravates the
w i l t incidence in pigeonpea.
Deflowering leads to less
w i l t incidence. This supple-
ments Dr. Hubbeling's s ta te -
ment on the physiology of
the plant and the paras i te .
Leaf spot diseases in pigeon-
pea are of low p r i o r i t y , as
our phys io log is ts have to ld
us that plants shed 50%
leaves to provide normal
y ie l d wi thout any adverse
e f f e c t .
Kraf t : In a leaf disease of wheat,
powdery mildew, it has been
shown that mildew reduces
root growth. Fol iar diseases
can d r a s t i c a l l y a f fec t the
physiology of the p lant .
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Field Screening
Field Screening Procedures for Identifying
Resistance to Soil-borne Diseases of Peas
One of the most important s c i e n t i f i c
procedures for the i d e n t i f i c a t i o n of
resistance to plant diseases is the use
of properly designed f i e l d p l o t s . This
is true of many studies conducted over
the last 50 years on the diseases of
peas, Pisum sativum L. Many of these
experiments have been concerned wi th
soi l -borne diseases of th i s important
food crop. This paper w i l l examine th i s
experimentation, espec ia l ly wi th regard
to the most important root diseases of
peas.
Ascochyta Foot Rot
Early studies on Ascochyta foot rot
(Ascochyta pinodella Jones) were made in
New York by L.K. Jones (1927) and in
Wisconsin by Linford and Sprague (1927).
Jones described the pathogen as a new
species at that time and considered that
it was seed-borne and could l i v e in the
so i l for at least 2 years a f t e r it was
found in a pea crop.
When he studied the react ion of pea
cu l t i va rs to the disease in the f i e l d ,
three 5-foot-square p lo ts were planted
with e ight pea cu l t i va rs resu l t i ng in
25 to 50 plants per p l o t . Pycnospore
inoculum was produced on oat agar slants
and washed from 10- 14-day-old cul tures
that had been incubated at 18° C. Pycno-
spore -s te r i l e water inoculum was atomized
onto the young pea plants in two p l o t s ;
the t h i r d contro l p lo t was atomized wi th
water on ly . The p lo ts were covered wi th
pyramidal canvas covers, which were
sprayed continuously fo r 24 hours to
maintain a high moisture content ins ide.
Results showed that the cu l t i va r s Ad-
vancer, Horsford, Per fec t ion , and Rice's
13 were more to le ran t than Green Admiral,
Alaska, Carter 's Premium Gem, and Sur-
pr ise.
Gould (1949) reported on screening
procedures, including use of f i e l d p l o t s ,
to study the react ion of about 500 pea
st ra ins to A. pinodella. Macerated c u l -
tures grown on agar or barley were made
into suspensions of inoculum, which was
poured on the pea seeds at p lant ing t ime.
Duplicate or quadrupl icate tests were
made and repeated at least once for a l l
v a r i e t i e s . Plants were dug up at blossom 
stage and graded for foot rot sever i t y ;
an index of in fec t ion was then calculated
for each pea s t r a i n .
Results of these tests made in
western Washington indicated that none
of the peas could be considered immune,
although one of the Shoemaker s t ra ins
(Acc. No. 27625-2) showed l i t t l e or no
disease. However, too few plants were
avai lable for d e f i n i t i v e conclusions.
Dwarf Gray Sugar was the most promising
pea c u l t i v a r tes ted. Other peas that
showed some resistance were: VA2, a se-
lec t ion from Weimer's H251-11-E,
D'Hollandia, DeGrace White Dwarf, Petri en
de Grace, Chang, Horsford Market Garden,
and Famous.
Weimer (1947) researched the deve-
lopment of winter peas for disease res is -
tance ( inc lud ing resistance to A. pino-
della) in the southern U.S. Out of 160
pea s t ra ins in the f i e l ds s tud ied,
Austr ian Winter was the most res is tan t .
Aphanomyces Root Rot
The most important pea disease in several
major production areas is the root ro t
caused by Aphanomyces euteiches Drechs.
It was described by Jones and Drechsler
(1925) a f t e r 5 years of study, mostly
in Wisconsin. Pract ica l control measures
of the common type have not been d i s -
covered. However, Sherwood and Hagedorn
(1958) described how the disease could
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be avoided through the determination of
the roo t - ro t potent ia l of f i e l ds to be
used fo r peas. The search for roo t - ro t
resistance has been long and thorough,
but unsuccessful, even though such s tud-
ies have been made under a r e l a t i v e l y
wide range of condi t ions.
Many of these studies have been
made in the f i e l d , general ly in natural ly
infested s o i l . One of the f i r s t reports
of such Invest igat ions was made by
Haenseler (1924) working in New Jersey
as ear ly as 1922. Forty pea cu l t i va r s
were planted in a p lo t where root rot
had never been found. Half of each 100-
f t . row was inoculated wi th h ighly i n -
fested so i l from a f i e l d where severe
root rot had been observed. The infested
so i l was placed in a furrow before plant-
ing at a rate of 1 ton per acre. Above-
ground symptoms began to show when the
peas were at blossom stage, and by pod-
f i l l many plants in inoculated p lots
were almost dead, whi le those in unino-
culated p lots were green. In the inocu-
lated p lo ts 90 to 100% of the roots were
s l i g h t l y to severely ro t t ed . No res is -
tance was found, although the c u l t i v a r
Acquis i t ion showed s l i gh t to lerance.
In another study, Haenseler (1928)
inoculated disease-free f i e l d so i l in
the furrow wi th infested so i l at the
rate of one-hal f lb. per f t . before
p lan t i ng , w i th very good resu l t s .
The f i r s t known paper on resistance
of peas to A. euteiches was published by
F.R. Jones in 1926. He used three
natura l l y infested f i e l d p lo ts to study
disease sever i ty on s ix pea c u l t i v a r s ;
one ' ' res is tan t ' ' and one suscept ible
c u l t i v a r in each of the matur i ty classes
ear l y , medium, and l a t e . The la te Black-
Eyed Marrowfat c u l t i v a r displayed the
most " res i s tance , " although t h i s charac-
te r was considered to be a very small
factor in pea production (probably be-
cause w i l t resistance was a large factor ) .
Johnson (1953) developed a proce-
dure for preparing a r t i f i c i a l l y infested
so i l to be used fo r inoculum in the
f i e l d . Flats of so i l were autoclaved
and planted t h i c k l y w i th peas. When the
plants were 2 to 3 inches (5 to 7.5 cm)
t a l l , a zoospore suspension was poured
on the so i l surface. A f te r 2 weeks, the
so i l was ready to be used as inoculum.
The zoospore suspension was prepared
by f i r s t growing the fungus on concen-
t ra ted cornmeal agar made wi th coarse
meal. A decoction of 12 yel low corn
kernels in 100 ml water was prepared,
s t e r i l i z e d , cooled, and inoculated wi th
pieces of fungus-supporting agar. This
seeded decoction medium was grown 3 to 5 
days at about 15 to 22°C before the
l i q u i d was poured o f f the fungus mat and
s t e r i l e tap water was added. The f lasks
were then shaken to remove nut r ien ts and
the l i q u i d poured o f f again before fresh
s t e r i l e water was added. Af ter 6 hours
zoospores began to form and in 24 to 30
hours numerous zoospores could be eas i l y
found. The process of pouring o f f the
water containing zoospores and adding
fresh s t e r i l e water could be repeated for
several days. F ie ld inoculat ion w i th
the infested so i l from the f l a t s was
accomplished by opening furrows, p lant ing
the pea seed, and covering the seed in
the furrow wi th a measured amount of soil
inoculum—one-third gal lon per 18 f t . of
row.
Johnson (1953) tested 22 plant
int roduct ions (Pls) in such inoculated
p l o t s . Disease react ion was based on
the degree of root rot in inoculated and
noninoculated plants in comparison wi th
the control commercial pea c u l t i v a r .
Twelve Pls were considered t o l e r a n t :
162693, 162910, 164568, 164838, 167205,
167250, 174321, 174322, 174923, 174924,
175227, and 175228. Johnson also tested
285 pea c u l t i v a r s , breeding stocks, and
Pls in an infested f i e l d . Two-year
studies gave no he lp fu l data because
weather condit ions were not conducive to
disease development.
Fusarium Root Rot
Fusariurn root rot of peas was described
by F.R. Jones (1923) as a bothersome
disease, caused by the pathogen now known
as Fusarium solani f. sp. pisi (F.R. Jones)
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Snyder and Hansen, and occurr ing In many
of the pea-growing areas of the U.S.
In 1960, King et a l . reported on
the i r e f f o r t s to develop l ines of peas
res is tant to Fusarium root rot and w i l t .
They used two Minnesota f i e l d p l o t s : the
LeSueur p lo t was na tu ra l l y In fes ted; the
St. Paul p lo t was a r t i f i c i a l l y Infested
by repeatedly Inoculat ing the so l i In an
undescribed manner. One hundred and
f i f t y pea c u l t l v a r s , breeding l i n e s , and
Pls were grown in both nurseries fo r 2 
years. Each pea l ine was rep l icated
four t imes, 25 seeds per r ep l i ca te . Se-
lect ions were made on the basis of the
number of emerged seedlings that survived
to produce seed, as compared wi th the
control c u l t i v a r , Perfected Wales. A l l
cu l t i va r s were found to be as susceptible
as or more suscept ible than Perfected
Wales. Eight of the 391 Pls showed some
resistance and were selected fo r use as
parents in a breeding program; these
were: 164417, 164837, 164971, 165577,
165965, 169606, 171816, and 173057. Sub-
sequent tes t ing and re test ing of the
progenies under these disease pressures
indicated that it was possible to deve-
lop new peas wi th a general resistance
to Fusarlum root rot and w i l t .
More recent ly , Kraft and Berry(1972)
described the a r t i f i c i a l in fes ta t ion of
large f i e l d p lots wi th F. solani f. sp.
pisi. Inoculum was prepared by growing
the fungus on Kerr 's medium in shake
cu l tu re employing a New Brunswick gyro-
rotary shaker, modif ied to al low prepa-
ra t ion of 18 1 of inoculum at a time.
Inoculum was grown for 1 week at 24 ± 1°C,
and the concentrated con id ia l suspension
that developed was st ra ined through dou-
ble layers of cheesecloth and stored at
5°C u n t i l 90 1 had been prepared. Before
f i e l d app l i ca t i on , the inoculum was
d i l u ted 1:1 w i th tap water, the f i n a l
spore counts being 6 x 10
6
/ml in 1969
and 8 x 10
6
/ml in 1971. Seven and a 
ha l f l i t e r s of inoculum were sprayed
wi th a backpack sprayer on the so i l sur-
face of each of 24 p lo ts and incorporated
to 15 cm wi th a r o t o t i l l e r . Uninoculated
control p lo ts were r o t o t i l i e d f i r s t .
Two f i e l d s were used, ne i ther of
which had grown peas—the f i r s t (1969)
in Prosser, Wash., and the second (1971)
in Uthe l lo , Wash. The 1969 f i e l d of
Warden s i l t loam so i l had a pH of 6 .8 ;
the 1971 f i e l d of Shano s i l t loam had
a pH of 7.4. Before inocu la t ion , each
f i e l d was treated wi th t r i f l u r a l i n herbi-
cide at the rate of 841 g a i / ha . Incor-
porat ion was by cross-d isc ing. Fusarium
inoculated and uninoculated p lo ts were
repl icated four t imes, w i th s i x subplots,
each 3.05 X 9.14 m, per r e p l i c a t i o n .
Plots were separated by noncropped areas
1.5 m wide.
Plant ing was done wi th a gra in d r i l l
that sowed Perfected Freezer peas at the
rate of 283.5 kg/ha. in rows 17.8 cm apart.
Uninoculated p lo ts were sown f i r s t . Ten
days a f t e r seeding, a l l p lots were
ditched for r i l l i r r i g a t i o n , uninoculated
p lo ts f i r s t .
Random so i l samples were taken be-
fore and a f t e r inoculat ion to determine
populations of F. solani f. sp. pisi. 
Rhizosphere samples were taken 10 days
a f t e r p lant emergence and again at f u l l
bloom. These so i l samples were a i r -dr ied
and assayed in d i l u t i o n plates of the
Nash-Snyder medium.
High population levels of the patho-
gen were found in both inoculated f i e l d s .
In 1969, plants grown in inoculated
p lo ts were severely enough diseased to
reduce y ie lds by 30% over uninoculated
p lan ts . In 1971, the high levels of
inoculum in inoculated p lo ts were i n -
s u f f i c i e n t to reduce y ie lds because of
unusually favorable condit ions for pea
product ion.
Fusarium Wi l t
Fusarlum w i l t of pea, Fusarium oxysporum 
f. sp, pisi ( L i n f . ) race 1 Snyd. and
Hans., was f i r s t described by L in ford
(1928) and he subsequently (1929) found
that it was widespread in the U.S. It
has since been found to be an important
disease in many of the pea-growing areas
of the wor ld .
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Wade (1929) used f i e l d p lots a r t i -
f i c i a l l y inoculated wi th many d i f f e r e n t
cul tures of the pathogen to study i n -
heri tance of resistance. Resistant
plants were e n t i r e l y res is tant and sus-
cept ib le plants e n t i r e l y suscept ib le .
No intermediates were found. Horal was
the res is tant c o n t r o l , and other res is -
tant peas were Green Admiral , Resistant
Alaska, Improved Surpr ise , and Fasciated
Sweet.
Walker (1931) exercised an i n t e l l i -
gent precaution before using a reportedly
h ighly infested f i e l d fo r important d i s -
ease react ion s tud ies. Before using the
f i e l d , he planted the en t i r e p lo t area
wi th a suscept ib le pea c u l t i v a r , using
a grain d r i l l . When the plants grew 
and disease developed, he could deter-
mine w i th precis ion disease locat ion
and seve r i t y . He tested 243 seed samples
of the Alaska type, 199 Perfect ion
samples, and 320 other types of peas in
dupl icate p lan t ings . Th i r t y - th ree
Alaskas, no Per fect ions, and 108 other
cu l t i va r s were c l a s s i f i e d as res i s tan t .
Some cu l t i va r s had both res is tant and
suscept ib le seed stocks, depending on
seed source.
Wade et a l . (1938) tested the re-
act ion of 1024 s t ra ins of peas (from
worldwide sources) to Fusarium w i l t in
an infested f i e l d near F a i r f i e l d , Wash.,
in 1931. Duplicate plant ings were made,
and 10 seeds of appropr iate res is tan t
and suscept ible contro ls were planted
every 21st p l o t . Most va r i e ta l reactions
were based on the react ion of about 25
plants per pea s t r a i n . Resistance was
about f i v e times more common than sus-
c e p t i b i l i t y , which was more common among
cu l t i va r s from England than from other
count r ies . No s u s c e p t i b i l i t y was found
in c u l t i v a r s from Eth iop ia , bel ieved by
some to be the place of o r i g i n f o r P.
sativum. The wide d i s t r i b u t i o n of
resistance and i t s occurrence in presuma-
bly p r im i t i ve types and in o ld c u l t i v a r s
(up to 150 years old) led to the conclu-
sion that the gene for resistance is
probably o lder than the gene fo r sus-
c e p t i b i l i t y . Nearly a l l o f the Impor-
tant American c u l t i v a r s were suscept ible,
and res is tan t biotypes found in suscepti-
ble s t ra ins were of ten not typ ica l of
other plants in that s t r a i n . Dwarf
ear ly market garden c u l t i v a r s wi th short
internodes were a l l completely suscept i -
b l e .
Cruickshank (1952) reported on the
react ion of peas to Fusarium w i l t in
infested f i e l d s in New Zealand. He
c l a s s i f i e d as res i s tan t : 19 garden c u l -
t i v a r s , 10 f i e l d peas, 14 canning c u l -
t i v a r s , and three sugar peas.
In The Netherlands, Hubbeling (1956)
tested the react ion of a substant ia l
number of pea c u l t i v a r s to Fusarium w i l t
in a uni formly infested f i e l d . His 1956
report l i s t e d 101 c u l t i v a r s as res is tan t
and 97 as suscept ib le . He l a te r wrote
that there was an increase of w i l t at
low so i l pH of 4.8 (1966).
Buxton and Perry (1959) reported
on a s im i l a r study made in w i I t - i n f e s t e d
f i e l d s in England the year before.
For ty- four of the 90 c u l t i v a r s tested
were res i s tan t . In general , t h e i r results
agreed qu i te wel l w i th those obtained
by Hubbeling (1956) and by Cruickshank
(1952). However, some s t r i k i n g d i f f e r -
ences were obtained. For instance, in
The Netherlands the fo l lowing cu l t i va r s
were very susceptible but were res is tant
in England: Daisy, Early Per fec t ion,
Senator, and Victory Freezer. In addi -
t i o n , Hubbeling found that Caractacus
was res i s tan t , but Buxton and Perry
considered it to be very suscept ib le.
S im i l a r l y , Early Perfect ion and Kelvedon
Wonder were very suscept ib le in New
Zealand but res is tant in England, whi le
Kelvedon Standby and Laxton's Progress
were res is tant in New Zealand but very
suscept ible in England. Buxton et a l .
(1960) reported the w i l t react ion of 35
addi t iona l pea c u l t i v a r s in infested
s o i l in England: 23 were res i s tan t ,
four suscept ib le , and eight very suscepti-
b le .
Near-wi l t
The near -w i l t disease of pea was de-
scribed by Snyder and Walker in 1935.
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They ca l led it near -w i l t because it
c losely resembled Fusarium w i l t . The
causal fungus is Fusarium oxysporum f.
pisi (Snyder) race 2 Snyder and Hansen.
V i rg in and Walker (1938) found that
p r a c t i c a l l y a l l pea c u l t i v a r s tha t were
res is tant to w i l t were suscept ible to
nea r -w i l t . Although Rogers K and Horal
showed some to lerance, it could not be
f ixed by inbreeding and was great ly i n -
fluenced by environment. Happi ly, one
breeding l i ne was found showing good
f i e l d resistance. I t was l a t e r ca l led
Delwiche Commando and served as a parent
in a breeding program designed to incor-
porate both w i l t and near -w i l t r es i s -
tance into a range of canning pea types.
Hare et a l . (1949) reported on
experimentation that incorporated near-
w i l t resistance in to several types of
w i l t - r e s i s t a n t canning peas. The i n -
her i tance of resistance to nea r -w i l t was
also studied in d e t a i l . From 1943
through 1946 the evaluat ion of the breed-
ing l ines and t h e i r parents was made in
a h ighly infested f i e l d near Waupun, Wis.
This f i e l d had previously been ca re fu l l y
mapped for sever i ty of i n fec t ion when a 
commercial pea crop was attempted there.
Peas were planted in rows 4 feet apar t ,
about eight seeds per foot of row. In
each row, 6 feet of the w i l t - r e s i s t a n t ,
near -w i l t suscept ible contro l was planted
every 18 feet—the 18 feet containing
the test hybr ids, s t r a i n s , and cu l t i va r s .
Good resul ts were obta ined, and the
breeding program moved ahead qu i te w e l l .
However, during cool growing seasons, it
was d i f f i c u l t to make precise disease
evaluations in the f i e l d , so a green-
house technique for determining disease
reactions was developed. Hagedorn (1953,
1959) used both the greenhouse technique
and f i e l d tes t i ng in infested s o i l in
the development of w i l t and near -w i l t
res is tan t cu l t i va r s New Era, New Season,
and New Wales.
Race 5 Wi l t
In 1970, Haglund and Kraf t found a 
l oca l l y important w i l t disease of can-
ning and f reezing peas being grown in
the Skagit va l ley in the s ta te of Washing-
ton. I t attacked a l l of the commonly
grown pea c u l t i v a r s , including those
that were res is tan t to both w i l t and
n e a r - w i l t . The disease was ca l led "race
5 w i l t " because the causal fungus was
Fusarium oxysporum f. pisi race 5.
Highly infected f i e l d s were used for
large-scale screening of many pea l ines
in a search fo r res istance. (Care was
exercised not to use an infested f i e l d
which also had a high soluble sa l t prob-
lem because w i l t symptoms were compli-
cated in such f i e l d s . ) The search for
resistance was successfu l , and now sever-
al new res is tant pea l ines and even
cu l t i va r s are ava i lab le fo r use in that
area. The repeated use of f i e l d t r i a l s
in h ighly infested so i l has been an
essent ia l part of t h i s resistance deve-
lopment research.
Discussion and Conclusions
Considering that so i l -borne diseases of
pea have been studied by a number of
very capable research s c i e n t i s t s since
the ear ly 1920s, it was surpr is ing to
f i nd such a small number of thorough
papers on techniques for screening fo r
disease resistance in the f i e l d . Most
of the authors wrote something l i k e
" the tests were made in a h igh ly infested
f i e l d . " Sometimes the number of r e p l i -
cates was not mentioned and of ten the
p lo t layout w i th regard to randomization
was not ind icated. Thus, it is not sur-
p r i s i ng that a s t a t i s t i c a l analysis of
the data was qu i te rare. Even so, impor-
tant discoveries of very meaningful d i s -
ease resistance in peas have been made;
in the case of pea Fusarium w i I t , fo r
instance, the t imely and widespread use
of t h i s resistance has led to p rac t i ca l
contro l of t h i s important disease.
We s t i l l need research on the
screening of peas fo r disease resistance,
because there are several diseases,
espec ia l l y the root r o t s , that are not
being con t ro l l ed by t h i s means since no
high level of resistance has been d i s -
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covered. Innovative approaches to the
research Involv ing f i e l d screening fo r
disease resistance would be most welcome.
With continued pers is tent research ef -
f o r t s along these l i n e s , by more w e l l -
supported s c i e n t i s t s , i t seems only
log ica l to bel ieve that in the not too
d is tant f u t u r e , we w i l l control more
important seed-borne diseases of pea
through the development of new disease-
res is tant c u l t i v a r s .
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Field Screening Procedures for Identifying
Resistance to Soil-borne Diseases of Beans
Over the years, monoculture of beans
(Phaseolus vulgaris L.) has general ly
increased the prevalence and sever i ty of
diseases caused by so i l -borne pathogens.
The bean roo t - ro t complex is the major
disease of dry and snap beans. It occurs
annually wherever the crop is grown
throughout the United States and the
wor ld . However, considerable year ly
va r ia t ion in the incidence and sever i ty
of root rot of ten is observed w i t h i n and
between f i e l d s w i th a known h is to ry of
the disease. Many so i l and environmental
factors—such as so i l compaction, mois-
t u r e , temperature, and plant spacing—
are known to inf luence the incidence and
sever i ty of root rots (Burke 1964, 1965a,
1965b, 1968; Burke et a l . 1972; M i l l e r
and Burke 1975, 1977; Pieczarka and
Abawi 1978b). Burke and coworkers (Burke
1968; Burke et a l . 1972; M i l l e r and
Burke 1975, 1977) have suggested that
any so i l condi t ion that is unfavorable
to vigorous root growth increases Fusar-
ium root ro t of beans, whereas so i l con-
d i t i ons favorable for vigorous root
growth tend to reduce root rot damage.
Accurate f igures on y i e l d losses of
beans due to root rot pathogens are
general ly lack ing ; estimated annual eco-
nomic loss reports have ranged from a 
few percentage points to 100% loss for
any bean-growing area, especia l ly fo r
central and western New York State.
Bean root ro t can be inc i ted by the
fungi Fusarium solani (Mart.) Appel and
Wr. f. sp. phaseoli (Burk.) Snyd. and
Hans., Rhizoctonia solani Kuehn, Thiela-
viopsis basicola (Berk. & Br.) Ferr. and
several Pythium species. Root knot
(Meloidogyne spp . ) , lesion (Pratylenchus
spp . ) , and other so i l -borne nematodes
are known to a t tack and at times cause
severe damage to beans (Zanmeyer and
Thomas 1957).
Depending on so i l and environmental
cond i t ions , these pathogens may act i n -
dependently or as a complex in any
possible combination. In teract ions bet-
ween so i l -borne plant pathogens have
been demonstrated to great ly inf luence
disease incidence and sever i ty on many
crops (Hendrix and Campbell 1973; Powell
1971), but most reports on bean root ro t
are concerned p r imar i l y -w i th damage
caused by ind iv idual pathogens (Zanmeyer
and Thomas 1957). For example, Fusarium 
solani f. sp. phaseoli for many years
has been considered the major causal
agent of bean root ro t in New York State.
However, recent research resu l t s , f i e l d
observat ions, and tests w i th se lec t ive
fungicides for the control of bean root
rot showed that Pythium ultimum Trow
plays a major ro le in the complex causing
root rot of beans (Pieczarka and Abawi
1978c). Simi lar information was e a r l i e r
reported from Wisconsin (Hoch et a l .
1975). In add i t ion, synergism was demon-
s t ra ted to ex is t between Fusarium and
Pythium (Pieczarka and Abawi 1978a).
Such information is important in the
i d e n t i f i c a t i o n of res is tant bean germ-
plasm and in breeding res is tant cu l t i va rs .
In the past, s ing le measures to
contro l so i l -borne diseases have been
attempted, but w i th inconsistent or
l im i t ed success. Seed and so i l t r e a t -
ment w i th cer ta in pes t ic ides , crop ro ta -
t i o n , so i l amendments, and other t r e a t -
ments have at times improved y i e l d or
reduced root rot sever i t y . However,
none of these methods has been consis-
t e n t l y economical, e f f e c t i v e , or ade-
quately understood. Iden t i f y ing sources
of resistance to root rot pathogens has
received considerable a t ten t ion and bean
germplasm to lerant to root ro t—usual ly
to s ing le pathogen—is ava i lab le (Dickson
and Boettger 1977; Boomstra et a l . 1977;
Hagedorn and Rand 1975; York et a l . 1977;
Zanmeyer and Meiners 1975). However,
due to many fac to rs , inc luding the low
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level of tolerance in parental germplasm
and i t s low h e r i t a b i l i t y of the t o l e r -
ance—the development of commercially
acceptable to le ran t c u l t i v a r s has been
d i f f i c u l t and very slow. Root rot t o l e r -
ant snap bean va r i e t i es have not been
developed yet and only a few to le ran t
dry bean v a r i e t i e s , p r i n c i p a l l y to
Fusarium root r o t , have been released
recent ly in the U.S. (Zanmeyer and
Meiners 1975). Research aimed at the
development of root ro t res is tan t bean
cu l t i va r s needs to be expanded and i n -
t e n s i f i e d , as t h i s appears to be the
most promising and las t ing measure for
reducing damage by root rot pathogens.
However, contro l of so i l -borne disease
complexes of beans may be most e f fec -
t i v e l y and economically a t ta ined only
by employing integrated contro l programs,
espec ia l ly i f c u l t i v a r s wi th high levels
of tolerance to root rot pathogens cannot
be developed.
Considerable progress has been made
in i den t i f y i ng bean germplasm to lerant
to s ing le root rot pathogens under con-
t r o l l e d greenhouse or growth chamber
cond i t ions . Detai led information on the
methodology and procedures employed in
determining resistance or s u s c e p t i b i l i t y
is ava i lab le in the l i t e r a t u r e . The
fo l lowing is a b r i e f summary of the i n -
formation ava i lab le on f i e l d screening
procedures u t i l i z e d in evaluat ing bean
germplasm for resistance to so i l -borne
pathogens. Only a few selected re fe r -
ences are given in t h i s paper, as no
attempt is made here to f u l l y cover the
published l i t e r a t u r e .
Field Screening Procedures
Field evaluat ion is the u l t imate test
in determining the level of to lerance of
bean germplasm to soi l -borne pathogens.
Field t es t i ng provides screening under
natural f l u c t u a t i n g environmental condi-
t ions and in the presence of a va r ie ty
of i n te rac t i ng microorganisms, both
pathogens and nonpathogens. Only under
commercial f i e l d condit ions can the i n -
f luence of root rot incidence and
sever i ty on the quant i ty and qua l i t y of
marketable y i e l d be accurately deter-
mined. The extent of hypocotyl or root
d isco lo ra t ion and/or reduction of plant
growth as obtained in most greenhouse
screening procedures may not necessari ly
cor re la te w i th a s im i la r reduction in
marketable y i e l d . In add i t i on , f i e l d
evaluat ions provide natural p lant growth
and thus select ions fo r commercially
acceptable h o r t i c u l t u r a l charac te r i s t i cs
from promising germplasms. Yet deta i led
information on f i e l d screening procedures
and test condit ions when conducted is
lack ing. The major i ty of reports deal -
ing w i th f i e l d evaluat ion of the response
of beans to so i l -borne pathogens s ta te
that the t r i a l was conducted in commer-
c ia l or experimental bean f i e l d s where
severe disease incidence had occurred in
recent years. Often, no mention is made
of the experimental design, number of
rep l i ca tes , s t a t i s t i c a l ana lys is , level
and kind of so i l -borne pathogens at
p lant ing t ime, so i l and environmental
condit ions during the growing season,
cu l tu ra l pract ices performed, or so i l
type. Data on the quant i ty and qua l i t y
of marketable y i e l d are rare ly provided.
However, considerable progress has been
made recent ly , and several excel lent
ind iv idual and i n s t i t u t i o n a l programs
are now ac t i ve l y involved in extensive
f i e l d screening and breeding for res is -
tance of beans to so i l -borne pathogens.
Undoubtedly these programs w i l l improve
our f i e l d screening procedures and gener-
ate the much-needed information and
mater ia ls in the development of resistant
bean c u l t i v a r s .
F ie ld screening procedures can be
div ided in to four general types accord-
ing to so i l i n fes ta t ion or method of
inocu la t ions. These are : (1) na tu ra l l y
infested commercial or experimental
p l o t s , (2) a r t i f i c i a l l y infested commer-
c i a l p l o t s , (3) permanent root ro t nur-
ser ies , and (4) root ro t f i e l d microplots,
usual ly of a short dura t ion .
Naturally Infested Plots
These are the most commonly used f i e l d
152
plots f o r evaluat ing bean germplasm
tolerance to so i l -borne pathogens as
well as fo r studying the e f f ec t of c u l -
tu ra l pract ices and chemical treatments
on root ro t incidence and sever i ty (Burke
et a l . 1972; Prasad and Weigle 1970;
Wallace and Wilkinson 1965). Usual ly,
a commercial bean f i e l d where root rot
epidemics have repeatedly occurred in
recent years is selected. Often, plow-
ing and seedbed preparat ion is done by
the grower or according to commercial
recommendations. Seeds of each selec-
t i on are then hand- or machine-planted,
usual ly in s ing le short rows (1-2 m long)
and, when rep l i ca t i on is poss ib le , a 
completely randomized block design is
u t i l i z e d . Data co l lec ted include any
combination of the fo l l ow ing : emergence
and stand counts, root ro t rat ings at
d i f f e r e n t i n t e r v a l s , growth ra t i ngs , and
y i e l d per p lo t or per p lan t . To deter-
mine root rot sever i ty ra t ings , usual ly
10 to 25 plants per se lect ion are dug
up and hypocotyl or root d isco lo ra t ion
and r o t t i n g is recorded once or twice
during the growing season. A var ie ty
of schemes have been used to describe
root ro t sever i ty levels such as s l i g h t ,
moderate, severe, and very severe; of ten
a scale ranging from 0 to 10 is used.
The l a t t e r sever i ty ra t ing scales are
often converted to a Weighted Disease
Index score from 0 to 100.
Natura l ly infested p lo ts provide
ideal tes t ing condi t ions u t i l i z i n g
commercially acceptable prac t ices . They
also provide evaluat ion under na tu ra l l y
f l u c tua t i ng environmental condi t ions
and in the presence of the natural in te r -
act ing complexes of so i l microorganisms.
These p lo ts are the u l t imate tes t ing
ground fo r a l l acceptable bean c u l t i v a r s
and are most appropr iate and e f f ec t i ve
fo r evaluat ion of advanced mater ia ls
w i th adequate seed supply to plant mu l t i -
ple large-scale p l o t s . Unfor tunately,
these p lots may produce considerable
nongenetic var ia t ions due to nonuniform
d i s t r i b u t i o n of so i l -borne pathogens
w i th in the p lo t area and also due to
seasonal va r i a t i on of environmental con-
d i t i o n s . Thus, i d e n t i f i c a t i o n of sources
of resistance to s ing le so i l -borne patho-
gens is d i f f i c u l t in na tu ra l l y infested
f i e l d s when several pathogens are oper-
t l ng independently or as a complex.
Evaluation in na tu ra l l y infested f i e l d s
is especia l ly d i f f i c u l t during the ear ly
stages of the screening program, p a r t i -
cu la r l y when a s ingle plant se lect ion is
desired. Burke and Silbernagel (1965)
demonstrated that increasing the seeding
rate resu l ts in increased sever i ty and
uni formi ty of Fusarium root rot in natu-
r a l l y infested f i e l d s . They suggested a 
method where seeds of the desired germ-
plasm are mixed w i th seeds of a suscepti-
ble check va r i e t y , 1:4, then planted in
rows 55 cm apart wi th 2.5-5 cm between
seeds in the row. The suscept ible check
var ie ty used had a d i f f e r e n t seedcoat
co lo r ; thus it was easy to separate the
two c u l t i v a r s , espec ia l ly at harvest
t ime. Burke and Silbernagel compared
root rot rat ings and y ie lds of plants
of the test germplasm wi th those of adja-
cent in terp lanted suscept ible check
p lants . They postulated that t h i s method
of crowding and in te rp lan t ing large ly
removes the e f fec ts of f i e l d v a r i a b i l i t y .
Artificially Infested Field Plots
This f i e l d screening procedure d i f f e r s
from the use of na tu ra l l y infested p lo ts
in only two major po in ts . F i r s t , bean
f i e l d s w i th no known h is to ry or w i th only
l i g h t root rot incidence can be used as
f i e l d p lo ts as well as those w i th known
previous h i s to ry of severe root rot
epidemics. Secondly, i t involves annual
a r t i f i c i a l so i l i n fes ta t ion o r p lant
inoculat ion w i th a s ing le , or a combi-
nat ion of several root ro t pathogens.
Each pathogen is grown on an appropr iate
so l i d or l i q u i d synthet ic medium or on
natural (general ly autoclaved) host
par ts . Root ro t pathogens have also been
increased in steam-treated or in pasteur-
ized so i l mixes under con t ro l led condi-
t i ons . Occasional ly, so i l heavi ly in-
fested na tu ra l l y w i th bean root ro t has
been used as a source of inoculum. Solid
forms of inoculum are usual ly added
e i t he r as a broadcast or band treatment
and incorporated in the top 5 to 10 cm
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of s o i l j u s t p r i o r to p lant ing or added
to the open furrow a f t e r seed drop.
L iquid forms of Inoculum are usual ly
added as an in-furrow spray at p lant ing
time or occasional ly a f t e r emergence to
the hypocotyl t issues near the soil l ine .
Fusarium root ro t was successful ly esta-
bl ished in r e l a t i v e l y clean so i l by
coating seeds w i th blended agar plates
of F. so lan i f. sp. phaseoli (Baggett
and Frazier 1973). A f te r overnight dry-
ing , the seeds were planted in rows 1.8
m apart w i th 4-8 cm between seeds In the
row, u t i l i z i n g a V-bel t p lan te r . With
t h i s technique, i t was possible to f o l -
low the development of root rot and
demonstrate di f ferences between bean
c u l t i v a r s suscept ible and res is tant to
Fusarium.
The advantage of the a r t i f i c i a l
inoculat ion procedure is that i t provides
uniform Inoculum of the desired pathogen
and undoubtedly reduces escape and f i e l d
v a r i a b i l i t y . However, the form of ino-
culum added i s , at t imes, d i f f e r e n t from
the na tu ra l l y surv iv ing propagules in
f i e l d s o i l s ; th is may lead to a severe
disease incidence and development and
consequent loss of bean germplasm w i th
good f i e l d to lerance. A r t i f i c i a l inocu-
l a t i o n procedures are also prone to
seasonal environmental va r i a t i on in the
introduced pathogen and the resident
soil microorganisms.
Permanent Root Rot Nurseries
This is the most e f f e c t i v e and prac t i ca l
f i e l d screening procedure, which permits
tes t ing of a large number of mater ia ls
annually In the same complex so i l env i -
ronment. It a lso allows evaluat ion and
a bet ter co r re la t i on of y i e l d potent ia l
of promising l ines under a var ie ty of
f l u c tua t i ng environmental condi t ions
w i t h i n a season as wel l as over several
growing seasons. The s ick p lo ts at the
In ternat iona l Crops Research I n s t i t u t e
fo r the Semi-Arid Tropics (ICRISAT) are
a good example of such nurser ies . Wal-
lace and Wilkinson (1965) and coworkers
(Bravo et a l . 1969; Hassan et a l . 1971)
have done a l l t he i r f i e l d screening of
beans in a nursery p lo t that was a r t i -
f i c i a l l y infested w i th F. so lan i f . sp.
phaseoli in 1918. Since then t h i s f i e l d
has been essen t ia l l y in a continuous
monoculture of beans. I n i t i a t i o n of
nursery p lo ts general ly involves the
Int roduct ion of a s ing le or a combination
of so i l -borne pathogens, o f ten In the
form of colonized host t i ssues. Infected
t issues are plowed under and the p lo t
area is repeatedly planted to a h igh ly
suscept ib le var ie ty u n t i l a high level
of disease incidence is reached. Double
cropping in one season is very e f f ec t i ve
In the rapid buildup of the pathogen(s),
which of ten resul ts in a corresponding
increase in disease incidence and sever i -
t y . Again, disease sever i ty in root rot
nurseries is inf luenced by p reva i l ing
weather parameters, espec ia l ly at p lan t -
ing time and during the ear ly part of
the growing season. Yearly va r ia t i on in
root ro t sever i ty in the nurseries can
be reduced if i r r i g a t i o n water Is ava i la -
ble fo r use when needed and if it is
possible to adjust p lant ing time to
periods favorable fo r root rot incidence.
Root Rot Field Microplots
The use of f i e l d microplots has been
known fo r a long t ime; however, t h e i r
extensive use in e luc ida t ing the re-
la t ionsh ip between population densi t ies
of so i l -borne pathogens and y i e l d losses
has been only recent ly emphasized (Barker
and Olthof 1976; Burke 1968). F ie ld
microplots can be of any s ize or shape.
At Geneva, we use unglazed drainage clay
t i l e s 30 cm long and 25 cm in diameter.
These t i l e s are inserted in annually
fumigated f i e l d so i l using a post-hold
digger mounted on a t r a c t o r . Each t i l e
is then f i l l e d wi th pasteurized or non-
t reated bean f i e l d so i l (about 15 kg
s o i l / t i l e ) to which one or more root ro t
pathogens at the desired population
leve l (s ) have been added. Each t r e a t -
ment is rep l ica ted a minimum of 10 times
in a randomized block design. Root ro t
incidence and development has been u n i -
form and pred ic tab le . F ie ld microplots
provide a l l the advantages of root ro t
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nurseries and also enable a bet te r under-
standing and more accurate measurement
of the react ion of bean l ines wi th d i f -
ferent y i e l d potent ia ls to so i l -borne
pathogens. This is possible because
each l i n e can be grown both in non-
infested so i l and in so i l infested wi th
d i f f e r e n t levels of the pathogen(s)
under the same condi t ions; thus y ie lds
can be i n d i r e c t l y compared w i th those
of the suscept ible check c u l t i v a r s . How-
ever, se t t i ng up and maintenance of f ie ld
microplots is h ighly time-consuming and
labor-demanding, and only l im i ted num-
bers of germplasms can be adequately
evaluated annual ly. Microplots are most
sui ted to determine economic loss thresh-
hold l eve l s , in teract ions between root
rot pathogens, e f fec t of so i l type on
root rot sever i t y , e tc .
Summary
Several f ie ld -sc reen ing procedures fo r
i den t i f y i ng resistance to so i l -borne
diseases of beans are ava i l ab le , a l -
though they have not been standardized
or studied in d e t a i l . Establishment of
permanent root rot nurseries appears to
be the most e f f e c t i v e and p rac t i ca l
procedure fo r t h i s purpose. Many so i l
and environmental factors as well as
cu l tu ra l pract ices are known to influence
the damage potent ia l of so i l -borne patho-
gens to beans. Whenever poss ib le , these
factors should be used or manipulated in
order to maintain adequate root rot
sever i ty and also to reduce seasonal
va r i a t i on in root rot incidence. The
u l t imate measure of tolerance of any
bean germplasm to the so i l -borne diseases
should be the quant i ty and qua l i t y of
marketable y i e l d under commercial grow-
ing condi t ions in infested f i e l d s .
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Discussion — Session 5 
Chairman : N. Hubbeling
Rapporteur : J. Kannaiyan
Saksena : Dr. Hagedorn, you said that
you got good resu l ts in the
f i e l d ; could you explain
what you meant?
Hagedorn : We got a good amount of d i s -
ease in the f i e l d , from
which we could d i f f e r e n t i a t e
c lea r l y between res is tant
and suscept ib le c u l t i v a r s .
Both greenhouse and f i e l d
tests are important f o r any
screening program.
Starr : Movement of plant pa ras i t i c
nematodes w i th in the f i e l d
is very slow. One can ex-
pect l o t of var ia t ions under
those circumstances.
Hagedorn : That is co r rec t , Dr. Starr .
It is very important to have
more suscept ible and res is -
tant contro ls in appropriate
places in the screening nur-
sery. I t is bet ter to rep l i -
cate the treatments at least
s i x or eight times to get
good resul ts and be sure, by
the end of the season,
whether the disease was
severe or mi Id .
Abawi : General ly, the d i s t r i b u t i o n
of so i l -borne plant patho-
gens is uneven and the num-
ber of propagules of these
pathogens vary s i g n i f i c a n t l y
w i th in na tu ra l l y infested
f i e l d s . Thus, in my opin ion,
i t is d i f f i c u l t to do the
i n i t i a l screening for d i s -
ease resistance in such plots.
Chohan : Of a l l the methods you have
mentioned, the permanent
root ro t nursery is the best,
espec ia l ly when there is so
much va r ia t i on from place
to place w i th i n a p l o t . We
should standardize th is
procedure to get uniform and
comparable resu l t s .
Abawi : Yes, it is important to
es tab l ish a uniformly infested
sick p l o t . This might be
accomplished by even incor-
porat ion of infected p lant
mater ia ls , fol lowed by two
to four successive plant ings
of a h ighly suscept ible
va r ie ty . Such nurseries
should be sampled of ten to
monitor disease incidence
and development through the
growing season. Also, i t
might be advisable not to
use the nursery fo r yearly
evaluat ion of d i f f e ren t germ-
plasms as th is may lead to
an uneven s h i f t in the popu-
l a t i on or v i ru lence of the
pathogens.
Wood : I would be concerned about
these permanent nurser ies.
In the f i r s t p lace, you are
assuming that they are the
same, but if you use those
nurseries continuously they
can vary from year to year.
Secondly, and what concerns
me more, is that if you are
dealing wi th a single-gene
resistance it does not matter,
but i f you are dealing w i th
a polygenic res is tance, the
environment plays an impor-
tant ro le .
Abawi : Your concerns are well j u s t i -
f i e d and point out the im-
portance and the need fo r
continuous monitoring of the
population of the introduced
pathogens and of the i n c i -
dence and sever i ty of the
diseases that they cause in
such nurser ies.
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Wood : Why not add inoculum every
year?
Abawi : One advantage of permanent
nurseries is that they pro-
vide a natural source of
i n i t i a l inoculum, which con-
s i s t s mostly o f na tu ra l l y
surv iv ing propagules.
Nene : In a crop such as pigeonpea
it may not be easy to deve-
lop these nurseries every
year, because it has taken
us 4 years to get a p lo t
that we consider as s a t i s -
f a c t o r i l y s ick. In chickpea
we have been fo r tuna te , but
2 years would s t i l l be re-
qu i red , so an annual exer-
c i se , at least in the two
crops that we are dealing
w i t h , would not be feas ib le .
Abawi : We have had a s im i la r ex-
perience in developing a 
1-hectare f i e l d as a m u l t i -
ple disease nursery fo r bean
root ro t . This nursery is
in i t s f i f t h year, and root
rot sever i ty i s s t i l l only
moderate.
A l len : I wonder what evidence you
have wi th Fusarium oxysporum 
that w i l t is caused by mix-
tures of races under natural
condit ions? What degree of
correspondence is there bet-
ween f i e l d resu l ts based on
one tes t w i th a s ing le race
and resu l ts from long-term
permanent plots?
Hubbeling : If you are t a l k i ng about the
Fusarium oxysporum of peas?
Wood : Anything.
Al len : What is happening in the
commercial f i e lds? Is there
a case for inoculat ing a 
mixture of races of Fusarium? 
If no t , why not? If you are
using the permanent type of
p l o t as George (Abawi) was
advocating, to what extent
is that a mixture?
Hagedorn : As I said before, we do not
have any evidence that we
have more than one race of
Fusarium oxysporum f. sp.
pisi in any given f i e l d .
Wood : What is the cruc ia l th ing
f o r any screening procedure?
You must know what you are
screening against.
Kraf t : I have several points in
response to Dr. A l l en ' s
quest ion. We rea l l y never
found a mixture of races in
the f i e l d ; one dominates
when there is mixed inoculum,
especia l ly races of w i l t ,
I am r e a l l y worr ied about the
procedure, because you can
end up wi th so many in fec-
t ion s i tes in one pa r t i cu la r
p lan t . And are you screen-
ing against one pathogen or
both pathogens or interaction?
I have some ind icat ion that
you end up w i th synerg is t i c
e f fec ts that can break down
some resistances.
Nene : I would l i k e to share our
experience on th i s po in t .
I n i t i a l l y , when we s tar ted
work in the 1974-75 season
in chickpea, we made several
i so la t ions from w i l t ed plants
in and around th is area.
Then we compared the patho-
gen ic i t y of the d i f f e ren t
iso la tes . Most of them were
pathogenic and the one that
appeared to us to be most
aggressive in the laboratory
condit ions was the one we
decided to use in the f i e l d .
So we inoculated the pots
wi th t h i s but we had d i f f i -
cu l ty in ge t t ing pathogeni-
c i t y . Then we also t r i e d
inoculat ions in the f i e l d
and we d i d n ' t get any d i s -
ease at a l l . The point is
that when we iso lated some-
th ing that looked very ag-
gressive under natural con-
d i t i ons and spread rap id l y ,
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and used that pa r t i cu la r
iso la te for inoculat ing the
s o i l , we got exce l lent re-
s u l t s . So what I am saying
is we may get pathogenic
cul tures but one may survive
and may have the capacity to
survive in that pa r t i cu la r
agrocl imate and may show i t s
e f f e c t s . Now, even at
ICRISAT, in hundreds of iso-
la t ions that we make every
year, we get v i r t u a l l y the
same pathogen. We check the
resistance in a suscept ible
c u l t i v a r fo r i t s i d e n t i t y .
So, perhaps it is a compe-
t i t i o n under local a g r o c l i -
mate that only one iso la te
may surv ive.
Abawi : Simi lar observations have
been made wi th cer ta in iso-
lates of Vertieillium, Non-
pigmented pathogenic variants
of ten are obtained under
laboratory cond i t ions ; how-
ever, they are rare ly iso-
lated from so i l or from
natu ra l l y infected p lants .
Nene : We had experience w i th one
cu l t u re . We were exci ted
at the resu l ts we got in the
laboratory tes t w i th that
c u l t u r e , but resul ts w i th
i t in the f i e l d were d i s -
appoint ing.
Kraf t : It might have los t i t s capa-
c i t y to survive in f i e l d
condi t ions.
Hubbeling : Could we continue wi th t h i s
F. oxysporum?
Abawi : I could comment on our ex-
perience concerning the
evaluat ion of bean germplasms
for resistance to so i l -borne
fungal pathogens. We have
found that iso la tes of Fusar-
ium and Rhizoctonia obtained
from na tu ra l l y infected
plants d i f f e r considerably
in t he i r pathogenici ty to
beans. Since we are i n te r -
ested in i den t i f y ing the
sources of highest possible
resistance, we usual ly use
the most v i r u l en t isolates
in our screening. I n i t i a l
screening is done under
greenhouse condi t ions in
pasteurized s o i l s , each i n -
fested wi th a s ing le organism.
The second step is to screen
in so i l s infested wi th mul-
t i p l e disease organisms.
Seeds of promising germplasms
are increased in the green-
house or the f i e l d , and only
then are evaluated under
f i e l d condi t ions. Thus f a r ,
we have done very l im i ted
f i e l d t es t i ng .
Hubbeling : What fungi are you t a l k i ng
about?
Abawi : Rhizoctonia solani , Fusarium 
solani; Pythium ultimum, and
Thielaviopsis bassicola. 
Hubbeling : I would l i k e to come to F.
oxysporum f i r s t because F.
solani and F. oxysporum are
not the same. I th ink they
are qu i te d i f f e ren t in re-
act ions, in the f i e l d as
wel l in the laboratory. I 
th ink we must discuss Fusar-
ium oxysporum f i r s t .
Al len : I th ink it is extremely
in te res t ing that you found
no s u s c e p t i b i l i t y in peas
from Eth iopia. Could you
say something about the
resistance in those?
Hagedorn : Wel l , I can quote you from
that survey paper. Wade
establ ished the fact that
resistance in peas to Fusar-
ium common w i l t was governed
by one gene. Now what are
the l ines used in Ethiopia?
I t is also in te res t ing to
know that the world co l l ec -
t i on of peas has been s tud-
ied for other diseases, i n -
c luding Fusarium solani , and
the Ethiopian l i nes d i d n ' t
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show up resistance to those
because there was no res is -
tance at a l l . Now, it may
present no problem in Ethio-
p ia , because it is a disease
of high-moisture, h igh-
temperature condi t ions.
Al len : There appears to be no re-
cord of F. oxysporum in peas
from Eth iop ia; i t is not
l i s t e d by Stewart and Yirgon
(1967).
Hubbeiing : Do you know anything about
time of the year peas are
grown in Ethiopia? Are they
grown in winter time at low
temperature? I th ink w i l t
must show up very much in
summer.
Al len : I saw extensive in terc rop-
ping of peas w i th Vicia bean
in Ethiopia in September
1976. It is grown at high
a l t i t u d e s .
Nene : September would be coo l ;
they grow chickpea at that
t ime.
Wood : Why should you assume it is
a permanent major gene
resistance?
Al len : I am not saying it is major
gene. I am saying if you
get a s i t u a t i o n in which
pathogen and host evolve
together and the net resu l t
i s res is tance, i t i s l i k e l y
to be a durable sor t of
res is tance.
Purss : Let us t a l k about the dura-
b i l i t y o f single-gene res is -
tance to race 1 . 
Hagedorn : In the United States, 1 
th ink the resistance does
qu i te w e l l , espec ia l ly in
the mid-west. I th ink it
does qu i te well in Europe
a lso .
Al len : Do you have any evidence of
race sh i f t s? When I asked
you about race mixtures, you
said no. If one race Is low
in propor t ions, what e f f ec t
would a l t e rna t i ng genotypes
have on prevalence?
Hubbeling : Don't you have evidence that
race 1 is s t i l l scattered
a l l over the U.S.?
Kraf t : We f i n d it a l l over the place.
Hubbeling : So you should have race 1 
and race 5 together?
Kraft : That 's not the way it happens,
race 1 being the very prob-
lem. We f i n d it in the
eastern parts of the Washing-
ton s tate and in dryland
condi t ions, whereas the
problem back in ear ly 1930
was qu i te severe. They are
s t i l l growing some small
areas wi th M-163 type, which
is suscept ib le to race 1 
w i l t . Last year race 1 
showed up again in four or
f i v e f i e l d s , so i t is around,
but race 5 has never been
found in Eastern Washington.
On the other hand, over on
the coast of Western Washing-
ton, race 1 was the problem
back in the 1930. It d i s -
appeared because the res is -
tant va r ie t i es were grown
u n t i l race 5 appeared. Now
in f i e l d s race 5 is a prob-
lem. We can grow race 5 
res is tant l ines which are
race 1 suscept ib le fo r sever-
al years and s t i l l surv ive.
So the predominant race in
the f i e l d is race 5. What
we don' t know is what w i l l
happen if we grow a var ie ty
res is tant to race 5 as a sole
crop fo r 5 to 10 years. Now
in Canada, r i gh t across the
border at Vancouver, B r i t i s h
Columbia, the Canadians were
importing pea s i lage from
western Washington and the
disease has already spread
and race 5 is now establ ished
there.
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Hagedorn : This MI-63 was susceptible
th is year, even on my bro th-
e r ' s farm. This var ie ty is
very widespread; in 4, 10,
12, may be 15 f i e l ds in the
Mid-west and may be in New
York. We haven't heard any
complaints about disease in
th i s var ie ty in the Mid-west.
Kraf t : The var ie ty Mini is being
grown in Europe and it is
very suscept ib le to race 1.
Hubbeling : What var ie ty do you grow?
Kraf t : M in i .
Hubbeiing : Calcium-rich so i l s have not
showed up any Fusarium oxy-
sporum u n t i l now. A l l
ca lc ium-r ich so i l s in Holland
never showed w i l t . We have
race 2 on acid sandy so i l s
only.
Nene : Am I r i g h t , there fore , in
concluding that th i s race
prevalence is dependent upon
the environment? That i s , a 
cer ta in race preva i ls at a 
cer ta in t ime, depending upon
the genotypes and the env i -
ronment and the other races
remain suppressed.
Wood : Are you ta l k i ng about patho-
gens?
Nene : Yes, Fusarium oxysporum as
a pathogen.
Al len : Has anybody ac tua l l y looked
at other va r i a t i ons , such as
high temperature to lerance,
between two races? This
could o f f e r explanat ion.
Kraf t : I have done th i s in the
greenhouse acc identa l ly , i no-
cu la t ing so i l w i th race 1,
and I had two or three crops
wi th good race 1 test and
race 2 s tar ted showing up.
This pa r t i cu l a r soil is
l i g h t sandy s o i l . I f you
plant a crop in warmer tem-
perature you w i l l f i n d more
race 2 eventua l ly . There is
a s h i f t from race 1 to race 2.
S inc la i r : I have had t h i s experience
in developing va r i e t i es
res is tant to cer ta in fung i .
Where do these races come
from? We have concluded
that resistance is in the
populat ion. I j u s t wonder
if resistance races are in
th i s populat ion of Fuearium 
spp. rather than being trans-
fer red from other areas.
Hubbeiing : Let me comment on t h i s im-
portant po in t : the i n i t i a t i o n
of new races and the possi -
b i l i t y of mutat ion. I was
working one year w i th Dr.
Basu Chaudhary. He is now
working in Varanasi, Ind ia ,
and we published together
that herbic ide used in t o -
matoes induced a l o t of mu-
ta t ion in Verticillium. This
was qui te i n te res t i ng . Does
anyone else know of chemicals
used in f i e l d s ev ident ly
g iv ing r ise to a l te ra t i ons
in fungi?
S inc la i r : Herbicides w i l l a l t e r host
t issue and may change i t s
resistance or s u s c e p t i b i l i t y
to fungi by changing the
sugar content, by some physi-
o log ica l process or by break-
ing down the ce l l w a l l . Thus
a s t ra in of the pathogen
that w i l l in fec t the host
under such condit ions could
become dominant.
Kraft : On beans the herbic ide Eptam
was shown to dissolve the
c u t i c l e on the hypocotyl and
the host becomes suscept ible
to Fusarium solani f. sp.
phaseoli.
S inc la i r : Do the ICRISAT sc ien t i s t s
rou t ine ly use herbicides on
the i r plots?
Nene : Except in p lo ts where he rb i -
cide experiments are done,
we are using manual labor
for weeding.
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Hagedorn : In the case of Aphanomyces,
the herbic ide e f f ec t is
d i r e c t l y on fungus, because
the zoospore f l a g e l l are not
developed.
Kraf t : At rates where phy to tox ic i t y
occurs ( i . e . , root pruning)
Tref lan w i l l protect a race
1 suscept ible p lant when
grown in race 1 infested
s o i l .
S inc la i r : This is a warning to use
th is herbic ide caut iously in
screening p l o t s .
Abawi : At present, we are evaluat-
ing the e f f ec t of the com-
merc ia l ly used bean he rb i -
cides (Tre f lan , Eptam, and
Premerge) on the incidence
and sever i ty of bean root
ro t . In 1978, no s ign i f i can t
e f f e c t on root rot sever i ty
or y i e l d was observed when
these herbicides were used
s ing ly or in combination at
the recommended rates.
Hubbeling : Could we come now to the
root ro t problem, in p a r t i -
cu la r , F. so lan i?
Wood : There was a complaint about
suppression of nodulat ion in
beans when there was F.
solani i n f e c t i o n .
Abawi : We rare ly observe any nodules
on bean plants that show
severe root rot symptoms.
A graduate student in the
Department of Agronomy at
Cornell is cur ren t ly study-
ing the in terac t ion between
Rhizobium and, I be l ieve ,
Pythium root ro t .
Singh : I th ink the antagonism bet-
ween Fusarium and Rhizobium
has already been reported.
There is a strong antagonism
between these two organisms.
Wood : This is spec i f i c under the
condi t ions I am descr ib ing,
when the lesions are confined
to hypocotyls, w i th a sup-
pression in nodulat ion.
There might be antagonism in
the so i l?
Abawi : I have not observed nor am I 
sure about the re la t ionsh ip
between in fec t ion of hypo-
coty l t issues alone and nodu-
l a t i o n .
Kraf t : Burke has shown that a d i s -
ease-free hypocotyl does not
equate to increased y ie lds
because Fusarium can a f fec t
the en t i r e root system.
Hubbeling : This year we had resonably
high temperatures at the
beginning of the season. So
we s tar ted seeing a l o t of
Fusarium solani in our t r i a l s .
Later on we got heavy rains
and the at tack was slowed
down. But at the end of the
season in September we got
hot weather; even most res i s -
tant plants showed the d i s -
ease. Small leaved and la te
c u l t i v a r s are bet ter than
big leaved and ear ly ones.
Abawi : Root rot of dry and snap
beans is most severe when
wet condit ions prevai l dur-
ing the ear ly part of the
season and then are fol lowed
by a dry per iod. Dry condi-
t ions appear to prevent the
formation of advent i t ious
roots and thus increase
stress on the p lant . Data
on y i e l d losses in beans due
to root rot are general ly
lacking as there are no
standardized procedures for
est imat ing loss. In add i t ion ,
bean plants that escape i n -
fec t ion or show only moderate
levels of in fec t ion appear
to compensate in y i e l d fo r
severely infected p lan ts ,
and thus make it more d i f f i -
c u l t to assess losses due to
root ro t . Ac tua l l y , in the
las t few seasons, we have
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not been able to cor re la te
f i n a l stand counts wi th
y i e l d using commercial seed-
ing rates. Under our condi-
t i ons , ear ly losses due to
seed decay and preemergence
damping-off are caused mainly
by Pythium ultimum. 
Al len : Host a b i l i t y to compensate
fo r damage, such as we have
observed in cowpea in res-
ponse to Pythium, is not
s t r i c t l y a ' ' resistance. ' '
Kraf t : Lot of advent i t ious roots is
advantage; plant can outgrow
disease in beans.
Abawi : It appears that plants wi th
th ick stems and vigorous
root systems general ly show
higher levels of tolerance
to root rot under f i e l d con-
d i t i o n s .
Reddy : That could be due to geno-
typ ic supe r i o r i t y . This is
perhaps what a breeder ex-
periences when screening e f -
f i c i e n t l y . Our basal know-
ledge of durable resistance,
strong genes fo r resistance,
hor izontal resistance, e tc .
needs to be fu r the r developed
in order to define the gene-
t i c and physiological imp l i -
ca t ions . In fact any farmer
without any knowledge is able
to see wel l the super io r i t y
of healthy plants in an i n -
fested f i e l d .
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Recommendations
Recommendations
The program of research on so i l -borne
pathogens of pigeonpea and chickpea has
made remarkably good progress since 1974.
The i n i t i a l decision to concentrate on
the use of host resistance as a control
measure made it imperative that emphasis
be placed on screening techniques. The
disease p lo t and screenhouse work is
impressive, both in extent and in i t s
obvious success in developing high d i s -
ease pressure. The level of resistance
evident is encouraging. Dr. Y.L. Nene
and his colleagues are to be commended
for t he i r e f f o r t s , which, in our opin ion,
have resul ted in a well thought out and
executed program.
It is important that t h i s screening
work be continued both on the A l f i s o l
and V e r t i s o l . It is recommended that
both indiv idual and mu l t i p le disease
nurseries be maintained. At tent ion w i l l
need to be given now to the development
of race i d e n t i f i c a t i o n techniques.
Mu l t i l oca t iona l tes t ing i s , we understand,
cur rent ly being developed. This should
be encouraged and expanded to represent
the d i ve rs i t y of the environments and
the pathogens in the semi-ar id t rop i cs .
With the successful development of
the screening phase of the work, the
Consultants group feels that a broader
approach should be encouraged. The
longterm e f f ec t i ve control of so i l -borne
pathogens requires a de ta i led understand-
ing of the ecology of the pathogen and
the epidemiology of the diseases they
cause in d i f f e r e n t environments. Thus
we st rongly recommend that ICRISAT i n -
i t i a t e work in these areas wi th the
major diseases of pulse crops.
With the development of res is tan t
mater ial from the program it is impor-
tant that work be i n i t i a t e d on the
''whole systems" approach of crop manage-
ment to minimize disease incidence.
It is important to study stress
physiology, espec ia l ly moisture s t ress ,
in r e l a t i o n to disease, and i t is consi-
dered t h i s work should have a high p r i -
o r i t y for the semi-arid t r op i cs .
The need for the ICRISAT program
to re la te to the small farmer o f fe rs an
opportuni ty to study the e f fec ts of
intercropping and other cropping patterns
on disease incidence. Such work should
be encouraged.
It is important that studies be
i n i t i a t e d on the in teract ions of the
various diseases w i th in the root disease
complex in both chickpea and pigeonpea.
This has important impl icat ions, both
in resistance and management control
pract ices.
Several of the pathogens, such as
Rhizoctonia spp. , have an extremely
wide host range. Resistance is generally
d i f f i c u l t to f i nd fo r such organisms;
consequently studies on the e f fec ts of
cu l tu ra l pract ices on the incidence of
disease they cause should be encouraged.
It is inev i tab le that as th is pro-
gram develops, basic studies w i l l be
required from time to t ime. Personnel
from un ive rs i t i es should be encouraged
to v i s i t ICRISAT to carry out such
studies. In other s i tuat ions it may
be appropriate fo r un ive rs i t i es to carry
out re lated studies on behalf of ICRISAT
at t he i r own establishments.
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